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PREFACE. 


In tho prosGut volume, the author liaa endeavoured to place 
befoi'G manufacturers', students of technology, and others 
interested, a practical and comprehensive account of the 
modern method of fat extraction and the manufacture of 
glue, size, gelatine, manures, etc. 

This branch of industry is undergoing conaidorable 
change. Old and wasteful methods of working are giving 
way to newer processes, based on the application of chemical 
science, which is becoming more and more important in this 
as in other industries. The book is^avranged in nine chapter’s, 
and is fully illustrated with drawings of the most modern 
type of plant. 

To enhance the value of the work, bho author has 
devoted a chapter exclusively to a description of the methods 
of analysis of both raw and finished products, with the hope 
that it will bo of sorvico to chemists engaged in this depart- 
mont of industry. 
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BONE PRODUCTS AND MANURES. 

PART I. 

BONE PRODUCTS. 

CHAPTER I. 

The Treatment of Bones. 

Regabeeb from a chomical point of view, the framework 
supporting tho fleshy tissues of animals, which wo call hone, 
is composed mainly of tho phosphates of lime and magnesia, 
with smaller proportions of carbonate of lime, and alkalino 
salts, united with fatty and cartilaginous matter. Erom tho 
latter wo obtain a considerable proportion of our glue ; while 
tlio fatty matter is extracted as bone fat, and the ifliosphates 
constitute the basis of our manure trade. 

Bone cartilage is composed of carbon, hydrogen, oxyg(3n, 
and nitrogen; tho percentage composition being practically 
constant whether the cartilage is from an old or young 
animal, as jnay bo soon from tho following analyses by 
Eremy : — 

OiwllJago Jtroin Carbon. Hydrogen. Nitrogen, , Oxygon. 

Ox, old . . '19‘8l7„ 714% ;L7‘82% 25'67T 

Oalf . . 49-97o 7'87„ 17-27^ 25*G7, 

Tho bones of tho young are, however, much richer in 
cartilage than those of tho old, This is reversed in tho 
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case of tlie inorganic or mineral matter, the old containing a 
greater proportion of phosphates. 

Then again, the fatty matters are present to a greater 
extent in full-grown animals than in those of the young ; also 
from the thigh and leg bones the yield is higher than from 
the heads, riba, or shoulder-blades, the amount of fat in the 
latter averaging 12 or 13 per cent., whilst in the former it 
rises to 18 or 19 per cent. 

To separate the different classes of bones coming into 
a works and arrange them according to the amounts' they 
would produce of fat and glue would be desirable, but in 
practice this is never carried out ; it would be tedious work 
for a manufacturer to separate, say, the bones of sheej), calves, 
oxen, horses, or pigs, and subdivide these again into heads, 
ribs, breasts, shoulders, feet, etc. Bones are mainly bought 
by contract from various dealers in towns within oasy rail- 
way access to the works, the rates being generally fixed for 
twelvemonths, to cover all classes of common bonos, whether 
fresh butchers’ or a mixture with partly boilod bones. The 
only discrimination made is with the marrows, which a^’O 
bagged separately, and bring as much as 6s. 6d. per c#!;. 
Bones differ considerably in their value ; fresh bones yield 
the highest percentage of fat and glue; on the other hand, 
the writer has found only 6 per cent, of fat together with 
30 per cent, of water in partly boiled bones. Sometimes 
hoofs, horns, iron, beefy matter, and even pieces of brick are 
included ; naturally these add to .the weight, but, oxoopOing 
the horns, they have no value. With careful sorting, these ' 
adulterants are detected, and a reduction in tho weight is 
made accordingly. The manufacturer is, as a rule, open to 
treat for material from all sources : it may be putrid hanr or 
bacon fium the provision merchant’s store, diseased fatty ^ 
meat condemned by a zealous inapeotoiv and even iiifectocl 
pigs, slaughtered by official order ; these are all 
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times to the mouth of the bonzeno extractor ; also the "writer 
lias seen a cargo of cotton seed, damaged by water, treated 
for extraction of the oil by the benzene process. 

The arrangement and situation of a bone factory is a 
matter of great importance. The works should have easy 
access to main lines of railway, with ample siding accom- 
modation ; a canal connection would also be of advantage, 
A plentiful supply of water and a good outflow for all efJluGnts 
are a necessity, In fixing u|)on the site, a position outside the 
boundaries of a town should be chosen, so that the offensive 
smell which arises from a works of this character may not be 
made a matter of complaint by a populous community. The 
lighting of the works is another consideration ; probably 
the district has no gas connection with a town, it may then 
be advisable to fit up a complete electric installation, lighting, 
sny, 140 to 160 lamps. On the other hand, if the bones are 
carbonised for the making of “char,” there is available a 
large volume of uucondensable gases of high illuminating 
power, whicli, after purification, can bo stored in a gasometer, 
for ultimate use in lighting the works and inobably also as a 
motive power for driving machinery. 

In arr’anging "the works, the benzene house, with its 
storage accommodation for benzene, should bo placed' apart 
from the main 'buildings, and the crushed bones carried by 
an elevator to the charging floor. The plant should bo ar- 
ranged BO that the different processes can bo carried through 
with a minimum of labour, quick transition between each 
being essential, and every facility for loading the finished 
goods. 

The raw bones, which at times are very heavily charged 
with moisture, should not be allowed to accumulate for any 
length of time, as they soon begin to smell strongly; the 
cartilage, turns blade from decompositioiij which means a 
loss in.;;>^h 0 ;,,ultimato yiol^ of and also deterioration in the 
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quality of the glue. The first operation is that of sorting ; 
the bones being thrown upon a table, from which they are 
fed to a crusher or “ cracker Here several women are con- 
stantly engaged separating the rags,.,u’oii, beefy matter, hoofs, 
horns, etCv As they are sorted the bones are pushed to the 
mouth of the crusher, thence falling between fixed and revolv- 
ing steel “ cutters,'’ which break them into pieces three to four 
inches long. This enables the benzene in the subsequent 
process to penetrate to the centre of the bone. h'alUng on 
to an elevator, the crushed bones are Garried to the charging 
floor of the benzene house. 

In I?ig3. 1, % and 3 the most modern type of dogroaHing 
plant is shown in longitudinal section, plan, and section r(mi)ec- 
tively. The house is what is termed a “ 100-ton houso," — that 
is, the plant is capable of degreasing 100 tons of bones in iiv (5 
working charges, A A are the two extractors, oacli liolding 
about ten tons. These are built of the beat mild stciel, and 
fitted with perforated false bottoms, underneath which rest the 
dry and wet steam coils supplied by the pipes NN, In each 
there is a, manhole atJ"/, through which the extractors are 
emptied, the degreased bones being carried away to another 
part of the works by the “bogey” railway, shown in the 
plan. ' Both extractors have inlet naphtha pipes JA7i\ which 
are fed from the two large storage tanks RB. Tlie outlet 
pipes for the naphtha vapours are at JSJjjy the vapours thonoo 
passing into the condensers GG, Each condenser is divided 
into five divisions, connected with one another so that the 
circulation of water is complete over the whole. The inlet 
pipes to the condensers are 6 -in. diameter, and this bore is 
gi’adually reduced to 2:^.in. diameter in the outlet pipes GG, 
which carry the condensed naphtha and water to the hdoron- 
tine receivers or separators X)D. Hero, owing to the diiler- 
ence in gravity, the separation between the two liquids is 
instantaneous, the water leaving by the pipes IJ, the naphtha 
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passing thi’ongh JSH to the storage tank, to be passed again 
over the charge in the extractors, . 


\ 



Fig. 3, — BonKono Extvaotion Blunt I’lan, 


The naphtha store is shown at the end ojC tho building, 
and contains the pumping-engine L, which lifts tim naphtha 
from the barrels, through tho pipe M, up to tho storage tanlcs. 
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In the section and i^lan is seen the position of tlio viont- 
jus or distiller, into which is run the fat from tho oxtrac.tor 
at K. The fat retains a fair proportion of naphtha, and tho 
work of the mont-jus is to distil this over, the vapours paBsing 
through the pipe P, entering the condenser G, Tho fat iw tluBi 
blown up by steam to an outside vat, and flows from thonoo 
to the clarifying vats in the main buildings of tlie works. 

' The quality of benzene used is a matter of considorablo 
iuiportance to the manufacturer. Tho term “ benzono ” is a 


general one, applied to both American and Eussian potr<i- 
leums, Scotch shale oils, solvent naphthas, otc, Tho valuo 
for extractive purposes of a “benzene” is based on tho boil- 
iug-point and the proportion which distils over botwoon 
certain, temperatures, If a benzene with a low boiling" 
point be used, a large percentage distilling over bolow tho 


boilmg-pomt of water (212® F.), then the action in tho ox- 
tractor beoomes too rapid, the benzene being distilled ovor 
before it has time to do its work as a solvent, coiisoquonfcly 
the bones after treatment remain moist, and retain proljably 
3 to 4 per cent, of fat, On the othor hand, if a bonzone with 
a high boiling-point be used, a largo proportion of it fractionat- 
ing over above 270° F., then the operation talces longer in tho 
extractor, a greater steam, pressure being necessary to drive 
over the heavy hydrocarbons of the oil, which may not distil 
until a temperature of 330° to 340° F. is reached. This pro- 
longed high steam pressure has a dGloterioiis olfeot on the 
cartilaginous matter of the bone, thus lessening the quantity 

and injuring the quality of the glue produced. 

A good working benzene should boil at or about 212° F, 
with little or nothing coming over below that teinijoraturo' 
while at 270° F. 98 to 99 per cent, should distil over, leaving 
1 to 2 per cent, to he driven off between 270° and 280° .F. 

_ The following four fractionations illustrate the difforonoes 
m the value, of naphthas for Extraction purposes. 
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No, 1. 


Boiling-poiiili, 212° P. 


0 por oent. 
H ,, 

20^ 

38 „ 

1G4 ,, 

g“ „ 

'J: n 

•1 

0 ,.r/' 

/\f/ 

0 pei|? oefibf 
6 ; (? ) I 

^ ^>’>1 
li.r 




i u 
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31 

40 

20 

2 

1 
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1 m 0 
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:a 
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Bolow 212° P. . 

212° iio 220“ P. . 

220“ to 230“ P. , 

230“ to 240" P. . 

240“ lio 200“ P. . 

200“ to 260“ P. . 

260“ to 270" P. . 

270“ to 280“ P. . 

^ Ovor 280“ P. 

No. 2, Boiling-point 212“ P 

Bolow 212“ P. . 

212“ to 220“ P. . 

220" to 230" P. . 

230“ to 240“ P. . 

240“ to 2030" P. , 

200" to 260“ P. . 

200“ to 270“ P. . 

Ovor 270“ P. 

No. 3. Boiling-point. 180“ P. 

180“ to 192“ P. . 

192" to 212“ P. . 

212“ to 230" P. . 

230“ to 260“ P. . 

Ovor 260“ P. 

No. 4. Boiling-point, 234“ I*. 

200“ to 234“ P. . 

234“ to 250“ P. . 

250" to 260“ P. ' . 

260“ to 270“ P. . 

270“ to 280“ P. . 

280“ to 290“ P. . 

290“ to 300“ P. . 

Over 300" I*’. . 

In tho practical working of those naphthas, Nos. 1 and 2 
'would give tho best results, leaving a dry, well-degreased 
»hoiie and the cartilage practically untouched, if 


63 per cent, 
26 „ 

8 „ 

8 

0 .. 

8 por ocht. 
22 „ 

18 ,, , 

15 M 
12 ,, 

9 

5 „ 

11 .. 
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No. 3 would leave the cartilage till attacked, but tho boiiO' 
would retain an appreciable amount of moisture and fab. 

' With No, 4, although the bone would bo well degreased, 
the time of extraction would be longer than with Nos, 1 and 
2, also with the greater steam pressure required it would injure- 
the cartilage for subsequent gluemiaking. 

A peculiar property possessed by benzene is that, if 
allowed to remain in contact with bones for several hours, it 
has the power of dissolving not only the fat, but also of act- 
ing upon and partly dissolving the ear tilaginous matter ; thus, 
the plan of steeping the bones in the hydrocarbon for several 
hours, and then distilling over, produces a fat carrying with 
it a proportion of cartilagmous matter, which not only moans 
a loss, but is very difficult to separate in the after clarification 
of the fat. Improvements have been made on this method 
by Ambrioan mauufaoturers who have adopted a plan of 
allowing the hydrocarbon to trickle through the mass. It is,, 
however, to the German manufacturers that wo are indebted 
for a perfected system of grease extraction, about which little 
is known in this country. So economical is the system in its. 
working, that bones can be degreased leaving only '2 to *4 
per cent, of fat unextracted, and the loss of benzene calculated 
on the weight of bones used is as low as '4 per cent,, which 
includes the benzene lost in working as well as that left in 
the crude fat. In eight different trials with common bones 
and knuckle-ends, the latter originally containing 18 to 19' 
per cent, fat, the author found after extraction the follow-* 
ing 

(i) (2) (8) 

•29 pel* cent, fat. , *31 per oenb. fab. -I? per oent. fab. 

(^) • (b) (6) 

■46 per cent, fat. -41 per cent. fat. ‘88 per cent, fab, 

(7) (8) 

*60 per cent. fat. >27 per cent. fat. 
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In worldng the extractor, particular care must be taken 
that each valve is open or shut as necessity demands, and the 
operation is commenced by allowing the benzene to flow from 
the storage tank to the extractor, until a depth of about 
twelve inches in the gauge-glass is reached. Meanwhile the 
steam is slowly admitted and, gradually warming the mass, 
distillation commences, made evident by the thin stream 
of benzene and water which passes over into the separator. 
The remaining benzene in the tank is now allowed to 
slowly flow into the extractor, and the volume of steam 
increased by opening wider the valve. Gradually the flow 
of benzene and water from the condenser increasos, and 
the separated naphtha rises in the storage tank. On taking 
the temperature at this point, a good indication may be ob- 
tained as to whether the action is too rapid or too slow. 
When the distilled naphtha in the gauge-glass reaches a 
depth of 27 to 28 inches, the valves are closed, and the first 
run of fat is made to the mont~jus. A fresh charge of naphtha 
is then run into the extractor, and the naphtha feed-pipe 
kept a quarter open, so that the remaining portion from the 
storage tank trickles slowly into the ■ mass of hones, the 
storage tank meanwhile being replenished by the distillation 
proceeding in the extractor. The naphtha, after condensa- 
tion, leaving the extractor is greater than in entering, conse- 
quently the storage tank is again slowly filled. By these 
operations the naphtha is continifally on the move and never 
quiescent. At the height of 27 to 28 inches the valves 
are closed, and the mont-jus receives its second supply of fat, 
which, as a matter of course, is less in quantity than the fu’st 
run. The operation is repeated a third time, forming the final 
charge, and the extracted fat, as before, is run to the 
jus. The bones still retain a portion of the naphtha, along 
with some moisture, to remove which and render the bones 
thoroughly dry, high-pressure steam is blown through the 
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extractor until the very faintest of naphtha lilms only is 
noticed floating on the condenser liquor. This iudioatos thal 
practically all the naphtha is driven over, and the oporii' 
tion may then be considered as finished. Thereupon tlu 
manholes are opened, the imprisoned steam allowed to escapo 
the charge being then found in a thoroughly dried condition 
and ready for removal to the “bogey ” railway. Tho weigh! 
obtained will be equal to about 60 per cent, of the total weight 
of raw bones, used; ■ 

As previously explained, the crude fat is run olT at 
three different stages, during the extraction, carrying with 
it some 5 to 10 per cent, of naphtha, 'together with a certain 
proportion of water, fine .phosphatic matter, and dirt from 
the bones. The steam is turned on tho mont-jm and tho fat 
boiled, the escaping naphtha passing through a 6-incli pipe to 
•the condenser above. At the separator tho workman carefully 
watches the decreasing flow of benisene, and whou this 
practically Ceases, the outlet valve is closed and stoain in- 
jected to about 5 lb. pressure, which blows the fat through a 
3-inch pipe to a large reserve tank placed outside tho building. 
It may be said here that in boiling tho fat in the mont'-jm groat 
care is necessary to prevent violent frothing, which would 
carry a portion of the fat up the outlet pipe to the oondensor. 
To obviate this, a 1-inch perforated steampipe is fixed within 
the dome, and when the frothing commences it is kept luidor 
control by injecting a littfe steam through this spray pipe. 
The crude fat obtained is tested daily for any bonzeno that 
it may contain. The proportion of benzene in five samples 
drawn at different times was found to be as follows: — 


1st 

2ad 


Tfl per cent, bonzeue. 
T7 
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A sample of the cruel e fat yielded the following figures on 
analysis : — 


]?at . 

IMrfc . 

Minoral mabtor 

Wabor 

Naphtha 


. 87'22 per oenb. 
^ I’BG „ 

. 3-67 

. 1-12 „ 

. *13 „ 


With proper precautions and care in the working, the 
porcenlago of beiiKeno loft in the crude fat should not exceed 
the above results, In the after process of olarilication it is 
eliminated . To refine this crude product, a further boiling 
with steam and water is necessary, which is performed in 
open vats, the impurities being allowed to subside, and the 
clear fat then run into casks for the market. The average 
yield is about 12f per cent, on the raw bones used. Bone 
fat thus produced is darker in colour than that made by boil- 
ing or steaming the bones, and some samples retain a very 
faint sraoll of naphtha. In the after process of bleaching 
this is entirely removed, and the colour brought to a good 
creamy ‘white. To the stearino and glycerine manufacturers,, 
however, colour is not important, therefore it is sold to them 
in its unbleached condition. The stearino maker buys ac- 
cording to its “ titer ” and impurities, but more especially the 


lafctor, which are limited to 2 per cent. 

These impurities are 

Bpocified in the following 

analyses of the crude fat 

- 


a) 

(2) 

(8) 

(1) 

Moisburo . 


T03% 

•81% 

T10%, 

Naphbha , 


•137. 

'08% 

■07%, 

Organic mabbor 





other than fab 

•09% 

•27% 

'63% 

■18% 

Mineral mabtor 





(Ash) . 

•16% 

•19% 

'11% 

•10% 

It’roe fatty acids . 

31‘1I% 

88^867, 

87* 117, 

82^057, 

Bor bleaching the fat several methods have been suggested , 

among which may be noted the action of air driven 

in finely 
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divided streams through the fat heated to 190“ or 200" Ih, tii 
advocated by Dunn. Another process consists in the additioi 
of chlorate of potash in the proportion of ’2 per cent, of tin 
fat used, along with a small quantity of sulphuric acid. Tin 
use of “permanganate" finds favour as a bleaching agent 
the fat being heated to about 200“ F., and the “permangan- 
ate" dissolved in a little water, added together with dilute 
sulphuric acid sufficient to render the whole slightly acid. 
After heating for two hours water is added, and the iiquoi 
boiled. This is repeated several times, until the wash watoi 
is entirely free from colour. 

A simple chemical reaction underlies the well-known 
bichromate method of Watts, Water glass has also IwGii 
suggested for clarifying and bleaching of fats. To 1 ton of 
the fat brought to the boil one-fourth its weight of water is 
added, 40 lbs. of sodium silicate (water glass) at fiO" T., and 
10 lbs. of bicarbonate of soda, During tlic boiling, tlie dirt 
and other foreign matter comes to the surface, and is removed 
by skimming. When the froth appears white the boiling is 
stopped, cold water added, and the whole allowed to rest for 
forty-eight hours. The fat is then removed to another vat, 
boiled with a fresh quantity of water, allowed to settle, and 
, the clear fat run into coolers. 

The degreased bones leaving the benzene house are 
carried by the railway to the mechanical cleanser. In Fig. 
4 is shown a longitudinal section of such a cleanser with the 
receiving den underneath. The cleanser is a largo cylindrical 
drum open at both ends, and covered with a strong lO-mesh 
wire netting. The bones are lifted by a bucket elevator, 
falling into a hopper which feeds the cleanser, and are carried 
by the revolving motion to the farther end, whence they fall 
into a “shute", Into the den below the coarse meal falls 
after passing through the netting. Foiu' samples of this 
meal drawn at different times gave— • 
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ThoHphovio Aoul, 
oquivftlont to TribaBio 
Phosphate of Llmo. 

Nitrogon. 

(1) 

30;25 per cent. 

6’22 per cent. 

(2) 

26 ’18 ,, 

4 ’79 ‘ „ 

(3) 

32’07 „ 

6'85 „ 

(4) 

29'15 „ 

5’12 


Tho whole of the nitrogen is not glue- forming, — that is, it 
ia not solely derived from cartilaginoua matter ; a considerable 
proportion ia contained in the hairy matter of sldna, etc., 



which are connected to the bone, or pass in a looso state 
into the extractor. Still the meal retains a large proportion 
of nitrogen, which would be more profitably converted into 
gluo than sold for the price of bone meal The weight of 
coarse meal averages 14 per cent, on the bones used. This 
represents an appreciable loss of nitrogen to the glue manu- 
facturer, therefore to save some of this nitrogen, the coarse 
meal ia passed through a smaller revolving cleanser, covered 
with a SO-mosh netting, Here fully half the weight is separ- 
ated, and as it leaves the end of the cleanser it is bagged and 
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passed on to the glue-lionse for further treativicnt. The fin 
dust or flour passing through the BO-mesh sureon is sold, g 
is used in the manure department of the worlcs. 
samples of the fine flour gave on analysis tlio followinj 
results : — 

Phosphoric Acid, (1) (2) (Jl) 

equivalent to tribasio 

j)hosi}hate of lime 24’367o 26'297o 2<M'!l-7„ 

Nitrogen . . 1'677, l';L<t7„ ;t'077’* 

The gain in a second cleansing is seen in the considorahh 
diminution of the nitrogen, which means an inoroasu in the 
weight of glue yielded. 

Animal Charcoal. 

The degreased and cleansed bones are either used by the 
manufacturer for making glue, with boiled bones as a bye- 
product, for further conversion into superphosphates, or 
may he converted direct into charcoal, with the subsidiaiy 
products of pitch, sulphate of ammonia, etc. A third course 
is open, that is, to partly degelatinise the bones, extracting 
10 per cent, of the carbonaceous and nitrogenous matter as 
glue, and carbonise the remainder for charcoal. The latter 
procedure gives a lower yield of tar and ammoniacal products. 
It has, however, been urged that the “ char ” yielded by this 
method is much inferior to that produced by carbonising the 
bones direct, though no sufficient evidenee has been fur- 
nished to support this objection. On the other hand, tests 
made of the decolorising power, also of tlie percentage of 
carbon, and the specific gravity, prove the quality to bo fully 
equal to that of a “direct" made ohareoal ’Whether the 
bone has been partly degelatinised or retains the whole of the 
organic matter makes no difference in the process of manu- 
factiue, When a bone is burnt or carbonised out of contact 
with air, it undergoes a great change, losing 38 to 40 per* 
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coni;, of its weight, emitting ompyroumatic, tarry, and ain- 
moniacal vapours, and leaving a blade porous mass, retaining 
the shape of; the original bone. This mass, when milled, 
forms the granular body called '‘char”. The products of 
distillation are classified into — • 

(1) Aramoniaoal liqiTOr, 

(2) Tar. ^ 

(3) Ilhimiuatmg and other gases. 

(4) Oliar, 

The yield varies according to the quality of the bones 
burnt, and whether they have previously undergone a partial 
degelatinisation. Assuming an average good quality of bones, 
100 tons would yield — ■ 

Ohar , , . . . G1 tons. . 

Ammoniaoal liquor . . , fS ,, 

Tar 6 ,, 

Illuminating and otlier gases . 20 ,, 

Tho ammoniaoal liquor contains carbonate, hydrate, sul- 
phide, chloride, and sulpho-oyanide of ammonia. The tar, 
on further distillation, yields bone pitch and oil, and from the 
latter have been obtained by fractionation pyridiia, lutiden, 
aniline, phenol, and other complex bases, etc., which are up to 
tho present not of groat commercial value, however interesting 
they may bo from a scientific point of view. 

The formation of these products is the result of a very 
complicated series of chemical changes in tho retort. Bone, 
as previously explained, is an intimate mixture of organic 
with mineral matter, in which phosphate of lime largely pre- 
dominates, Tho mineral portion undergoes no change at tho 
red Iroat of tho furnace, excepting the reduction of tho small 
quantity of sulphate of lime present to sulphide. On the 
other hand, tho organic matter is profoundly modified — the 
hydrogen, oxygen, carbon, and nitrogen, of which it is com- 
posed, rearranging themselves to form other combinations. 
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Part of the oarbon remains with the iniiioral inatfc(U‘ and 
forms the char, and to the presence of this fixed carbon in 
a certain proportion the char owes its valuable do{jolor{siug 
power. Another portion of the carbon goes to, form tho 
various hydrocarbons contained in the illuminating gases. A. 
further portion is used ‘in the formation of the oxides of oar- 
hon (OO2 and GO) ; and lastly, a small portion unitos witli an 
equivalent of nitrogen to form the cyanogen present. 

The whole of the nitrogen, except the small part wlntdi 
goes to form cyanogen, appears, in the first instance, as gasciouH 
ammonia.- 

■ As the gases leave the retort, their teinperaturo falls (5on- 
siderably, allowing a further grouping to take place. Tho 
whole of the carbonic acid (OO3) unites with its equivalent of 
ammonia, forming carbonate of ammonia whioli is tho prin- 
cipal ammoniacal compound in the liquor. Tho cyanogen 
and sulphuretted hydrogen take up another portion of tlio 
gaseous ammonia, forming sulphide and cyanide of am- 
monium, and these two again unite, forming Bulplio-cyanido 
of ammonium. The free sulphide of ammonia left remains 
in that form, and finally the excess of ammonia formed by 
the union of ammonia with the moisture of the bone appears 
as hydrate. 

These changes are somewhat similar to those taking plaoo 
in the destructive distillation of coal. But in the carbonisation 
of coal and bone, although praotioally carried on in tho same 
way, very different ends are sought for. The ga8-makei'’B 
primary object is the production of a rich illuminating gas— 
the coke, tar, and ammoniacal liquor being of secondary import-. 
ance ; on the other hand, tho char-malcor regards tho contents 
of the retort as the more important- the illuminating gases, 
also the tar and ammoniacal liquor, being simply bye-produdts. 

For the production of char the bones are carbonised in a 
series of retorts placed horizontally in a furnace, and heated 
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by means of a firo beneatb. They are made of iron, with 
one end closed, each being 12 feet long, and in shape similar 
to the letter At the open end is fixed the frame or 
mouthpiece which carries the door swung on a hinge, The 
door has a slight projecting rim some two inches wide, which, 
with the surface of the frame, are ground perfectly true ; so 
that on closing tlie joint can bo made perfectly gas tight by 
a lover arrangement. Pixed to the frame on the upper sur- 
face is the "up-take” pipe loading to the hydraulic main. 
Five retorts are generally fitted into each furnace, and the 
sotting is so arranged that, by the aid of dampers and. 
X)igeon-holo8, the flame may bo made to swoop equally round 
each retort, so that each shall receive its full coraifioment of 
boat. The spent heat finally passes to an underground fine 
coimooted with the chimney, The furnaces are lined inter- 
nally with fire-brick, and have an outer 14-inoh red l)riok 
wall, the whole being bound by 1-inch tie-rods. 

Kach furnace, with its five retorts, is called a bench. The 
hydraulic main running along the top of the furnaces plays 
an important part. It not only acts as a receiver for all the 
volatile products of distillation, but it performs the duty of a 
8 top- valve to each retort, effectually closing it against any 
return of the gases during drawing and charging. This is 
carried out by the dip-pipe connected with each " up-take ’’ 
from the retorts dipping below a layer of amraoniacal liquor 
and tar which is kept at a certain level in the main. The 
gases are forced through by the pressure, the liquor acting as 
a barrior, thus preventing their return. 

l?ig, 6 is a oross-section of a retort bench. 

A, yi, are the retorts. 0, up-take pipe. 

J3, fire grate. D, hydraulic main . 

lij, bridge pipe. F, dipping pipe. 

In worlcing five benches the labour is apportioned amongst 
four men, with the aid of a woman, the latter trimming the 
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bones when brought to the charging floor ; each honnh talcos 
twelve hours to burn a charge, and they are drawn in rota- 
tion. When ready for withdrawal, the door of tho retort is 


slightly loosened b^ turning the lever, the escaping gases ar(' 
burnt at the mouth 'of the retort and in a few minutos the 
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Eio. 6. Bench of Retortfl for Ohar-maldng, 
mtenal preaBure is destroyed, allowing the door to Ijo oiwiioi 
with safety. The red-hot char is rapidly withdrawn to tin 
canister placed ready to receive it, ooverod, and Ui< 
oamster IS then rolled to the cooling shed o£ tho mill 

Here the hd is luted down with a paste of char dust ant 
water, making an airtight joint, and the char is then ooojet 
for twenty-four to thirty hours, Meanwhile the other rotorb 
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are being emptied in rotation, until tlio bench is completed. 
Whilst still red-hot, any unnecessary exposure coats the char 
with a white ash, which lowers its subsequent value after 
milling. Each retort is closed on drawing the charge, only 
being reopened to receive a fresh charge ; by this means 
little or no loss of heat occurs between withdrawing and 
charging. The work is continuous, with double shifts, until 
a stoppage for repairs becomes necessary. 

A bone, when well burnt, is of a deep black colour, and 
has a metallic ring when struck. On incineration, in con- 
tact with air, usually a white ash is left, but it is sometimes 
tinged a yellowish brown, owing to a trace of oxide of iron 
being present. The space occupied by a ton of good quality 
charcoal equals about CO cubic feet. 

The chars found in coininerco show groat variation in 
quality, due to irrogularitios in the methods of manufacture. 
The following analyses illusbrato this difference: — • 



No. 1 Gooct 

No. 2 Bail 


Ohav. 

Olmvi 

Nitrogonisod oarl)on 

10'76 

6-83 

Phosphate of limo 

73-00 

70-39 

Pliosphato of raaguosia 

6-08 

8-17 

Oaloiiim carbonate 

8-69 

10-92 

Oaloiuin sulphako 

-00 

-78 

Oaloiuin Bulphido 

-03 

•16 

Eorrio oxide 

•16 

•63 

Alkaline salts 


•19 

Bilioa (sand) 

-29 

1*03 


100-00 

100-00 


A good char should contain approximately 10 to 11 per 
cent, of carbon, and the ferric oxide ought not to exceed 
•2C per cent. It is sold on a basis of 8 per cent, of moiaturo, 
and the dust it contains is regulated by the grade of char 
made. 
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The char, after coolin", is emptied from the eanistors, 
and watered, it is then ready for the mill, a view of whi(di is 
seen in the longitudinal section of Fig. 6. Tho char outers 
the mill at A, an oscillating wooden trough, (5 feet long by 
16 inches wide by 7 inches deep, called tho “ food ”, 'J^'bo 
trough is fitted with five sheet-iron cross-pieces, running tho 
full width, and equally placed, thus dividing it into six divi- 
sions. The char is delivered gradually into tho first divi- 
sion, and the oscillating movemeiit carries it over tho first 
iron cross-piece into the next division, and so on until tho last 
is reached, whence it falls into the cutting-machine li. 

The bones, however oarofully sorted for tho greaso ex- 
tractors, sometimes carry with them small pieces of iron, 
brick, etc., which, on passing to the very fine wiro-clotli UHod 
in the mill, would do considerable damage. To guard against 
this the oscillating arrangement is carried out, the lightor 
char is shaken over the iron cross-pieces, leaving bolund, 
mainly in the first and second divisions, any heavy motal or 
other substance. Leaving the “ feed,” tho char falls into a 
receiver, and, passing between two revolving toothed wheels, 
is cut into small portions about one inch long, which fall into 
the “ boot ” of the elevator GG ; this carries it to the revolving 
cylinder or riddle D, covered with a No. 7 cloth, which 
separates the fine from the coarse char, tho fine passing 
down through the wooden ‘‘shute” JS to the revolving 
cutters at F, the coarse char, leaving the riddles, falls down 
the “ shute ” G and enters tho revolving cutters II. After a 
further cutting or grinding, both chars unite in tho elevator 
“ boot” 7, and are lifted to the shute ” J, which passes it 
on to the revolving riddles K. These riddles, ooverod with 
a 60-mesh cloth, are used for tho purpose 'of sifting tho char. 

A large proportion of dust in tho char is thus separated, 
which, on falling to the bottom of the. mill thi’ough the 
.‘shute ’ L, IS bagged at jlf. The clean char then passes on 
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to another system of revolving riddles covered with wire- 
cloth, to suit the grade of char to bo made^ and is finally 
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tinually changed to suit the grade required, and also oxtru 
rounds of 509 or GOa-mesh are put on to suit the dust lijiiit 
guaranteed in the grist of char being made. The taking oH 
and replacing of the various wire-oloths is a Houroo of^losH, 
the cloths becoming torn and otherwise damaged. Homo 
manufacturers remedy this by gristing four to live thouHand 
bags of each quality likely to be in demand before changing 
the cloths. The following are some of the chars made, with 
their mechanical cdinposifcion or grist : 



Grade 30/CO. 


Grade lli/ltll. 

Size 30 

19-13 

Size 16 

. 6-72 


40 . 

26-19 

„ IH 

. , . 13*03 


60 . 

33-49 

„ 20 

. ■ . 23*84 


60 . 

16-86 

„ 30 

. 30 '.IG 


Dust . 

6-33 

40 

. ;i.4*26 


- 

100-00 

„ 60 
„ GO 

. 8-1(1 
. 3-09 




,, Dust 

. 1-75 

lOO-OO 

GiadQ 10/60. 

Grade 12/aO. 


Size 10 

. 7*62 

Size 12 

. 4-16 

Size 20 . L‘X() 

„ 20 

, 37-60 

» 20 

. 82-89 

„ 30 . 07*1.1. 

„ 30 

. 17-42 

„ 30 

. 11-61 

„ 40 . 2rv:i2 

„ 40 

. 16-39 

10 

. -72 

60 . 3-39 

„ 60 

. 12-14 

50 

. -31 

„ GO . 2-.16 

„ 60 

. 6-82 

„ 60 

•24 

Dust . 1-07 

,, Dust 

. 2*11 

100-00 

„ Dust 

. 'IQ 

100-00 

lOO-OO 


In a high-grade char the percentage passing though size 
40 is limited to 2 per cent. In the grist of the 12/20 char, 
as seen above, this limit amounts only to 1*45 per cent., 
whilst in the common gi'ade char, 30/G0, it is 64 *08 per cent, ; 
12/20 char is chiefly used in Japanoso rofinorieB, About J.6 
per cent, of the weight of the burnt bones from tlio retorts 
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•ave recluGGcl to a dust in niiiling. Each grade of char takes 
up a portion, and the remainder is bagged. Possessing little 
value as a decoloriser, the manufacturer converts it into 
superphosphates, or realises a better price by grinding it for 
ivory black. Eor tdther export or home use the char is 
packed in 2-cwt. bags. 

In the hands of the sugar refiner the life of a char may 
be placed at two years. During this time it is many times 
reburnt to destroy the organic colouring 'matter and other 
impurities absorbed during the jmssago through it of light or 
•dark-colourod sugar syrups. The destruction of tliis organic 
matter increases the fixed carbon, the char becoming more 
•dense, and less porous, ultimately its decolorising power is 
reduced to a minimum. The cliar then bocoines what is 
teolmically termed “ spent," and is generally bought by the 
•char-malter for conversion in the manure house into auper- 
phoaphates. 

A sample of “spent" char gave on analysis — ■ 

Oarbon . . . . . 21’62 por oont, 

Tril)asio phosphate of limo . . 73 ’05 ,, 

The tar and ammoniacal vapours leaving the hydraulic 
main are passed through a series of vortical pipes, torined 
•“ the condenser ” . The size, height, and number of these 
pipes depend on the quantity of gas that has to be cooled in 
a given time. G-onerally 70 square feet of pipe surface is 
allowed for the cooling of 1000 cubic foot of gas por hour. 
The gases alternately ascend and descend the pipes nnth 
their temperature is reduced to about B0° or 85" E. ; this 
lowering of tlie tomperaturo condenses the minute particles 
•of tar with the ammoniacal gases. At the bottom, formed 
in the brickwork on which the pipes rest, are a number of 
wells, each serving two pipes, into which the condensed tar 
and liquor falls. These are drained into a main pipe carrying 
•the whole of the condensed products to the main separating 
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tariik. Owing to the difference in gravity, the tar rises to the 
surface and is floated away through a discharge pilfo to the 
tar wellj while the ammoniacal liquor is pumped to the still 
or boiler for subsequent distillation. In order that tl\o gases 
may traverse the condensers with a steady and regular flow, 
and at the same time to relieve any great proHsuro in the 
retorts and hydraulic main, thus freeing the former from any 
heavy deposit of carbon, an apparatus called " the exhauster 
is connected with the outlet condenser pipo. In some works 
a scrubber or washer is used to wash the gases forced from 
the exhauster, the object being to recover any unoondonsed 
tar and ammonia, The scrubber is built of curved stool 
plates bolted together; it is about 20 feet in height, with a 
width of 6 feet, and is supported by a structure of l)rickwork. 
Inside are a series of perforated trays, placed 14 inclujs apart, 
carrying a layer of coke, broken into small pieces ; at tlm top- 
a rose pipe is fixed, which throws a spray of water ovoiily 
over the surface of the first layer’of coke, and thonco, trickling 
down from layer to layer, it meets witlr the ascend ing gasos, 
dissolves out the tar and ammonia, leaving the uncondonsahlt) 
portion to pass out at the exit pipe placed at the top. O'lm 
dissolved products leave the scrubber by the exit at tlm 
bottom, and are conveyed to the main separating tank. 

The uncondensable gases still require a further purifica- 
tion to remove the carbonic acid and any volatile Hulphur 
compounds. For this purpose they are passed through 
perforated trays holding layers of slaked lime some throe 
inches deep, the trays being enclosed in boxes with movablo 
tops, and built of |-inch steel plates. They aro gonorally 
constructed 10 feet square, with a depth of 4 feet. The gases, 
pass in at the bottom and ascend through the various layers, 
of lime, which absorb the impurities, finally passing out at 
the top direct to the gasometer. 

The volume of gas formed is considerable, and in its use- 
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for lighting the works, or for motive or heating power, it plays- 
a very important jDart in the successful working of a concern^ 
The bones passing into the retort contain about (3 per cent, of 
nitrogen. A portion of this goes to form the complex organic 
substances of the tar; another portion is contained in the 
illuminating gases as free nitrogen and cyanogen ; a further 
quantity is lost in actual working ; and the remainder goes 
to produce the various ammonia compounds forming the 
ammoniacal liquor. 

In the manufacture of cyanide of potash nitrogen forms one 
of the chief factors, therefore any cheap source for providing 
it in an available form for this purpose would be welcomed. 
Many attempts have been made to convert the nitrogen of 
the atmosphere directly into cyanides, but with indifferent 
results. Better success has attended the use of high strength 
ammonia as worked by Boilby’s process. There is, however, 
ample room for further improvement. Cyanide of potash at 
present commands about £112 per ton on a 98 per cent, basis, 
the demand increases as the old chlorination method of ex- 
tracting gold dies out and now goldfields are discovered. If 
the char manufacturer had only some method of converting 
the store of nitrogen in the ammoniacal liquor into cyanide, 
or by some simple moans could intercoj)t the gases coming 
from the retorts, take away the nitrogen and convert it intO' 
cyanide instead of sulphate of ammonia, the gain to him 
would be cousidorablo. Supposing, for instance, he could 
use only 3 per cent, of the nitrogen for this purpose, he would 
obtain on the 100 tons of bones calcined 11 ’6, say 111 tons of 
cyanide of potash, which at £112 per ton would have a value 
of £1302. When this amount of nitrogen is converted into 
sulphate of ammonia the tonnage obtained is 23*67, say 
tons, at £11 per ton, which only realises £258 10s. 

Possibly, as chemical research in this direction progresses, 
means may be devised of using the whole, or greater part of the 
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nitrogen for the more valuable process of making cyanidt). 
As it is, the char-maker is of necessity con/inotl to the manu- 
facture of sulphate of ammonia, which roaiisos at tlio JjoHfc I)nt 
a moderate price, at the same time saving only a part of tins 
nitrogen which the bone originally contaiiKuh h'lio stiil re- 
ceiving the ammoniac al liquor has a capacity of OOOO to 7000 
gallons. It is built of boiler plate, dished at both oiuIh, and 
has a dome or still-head, to which is bolted tlu^ O-inc.lii con- 
veying pipe. Along the bottom steam pipes are arrang(;d for 
boiling purposes. Midway between the still and tho “ sul- 
phate box" is a cylinder, fixed vertically on wooden HVijiportH, 
To the bottom is bolted on the conveyor ])i]ic leading from 
the still, while the outlet pipe is fixed with a llange to tho fco]», 
-and then continues to the “sulphate box”. 'LMns c.ylinder 
is fitted with the object of retaining any liipior wln’<!h may 
froth over during the boiling, and also at the saiiu^ time 
to condense a considerable portion of the watery viij)oiirH ; 
both of which pass back down the inclined conveyer jdpe to 
the still. The “ sulphate box ” is a circular iron vohhoI load- 
fined, covered with a hood to carry off any obnoxioiiH gason, 
and fitted with a sliding door, through whicli tho worlcnuin 
watches the operation, and also “fislms" out tho fmisliod 
sulphate, Close at hand, but on a higher level, is jdaood tlie 
acid storage vat, containing brown oil of vitriol, vvbicli is run 
by a lead pipe to the “sulphate box," the stream being oou- 
Irolied by a “cock" placed within easy reach of tho workman. 
The “sulphate box ’Ms half filled with strong acid, so as to 
cover the lead dipping pipe; the gases coming from tho 
cylinder bubble through the acid which instantly vinitos with 
the ammonia, the union being accompanied with cousiclorahlo 
ebullition. When the saturation point is reached, the sul- 
phate separates out in fine particles or crystals, falling to 
the bottom of the box, and at intervals is “fished" out by a 
iRdie and thrown on an inclined table to drain. From time to 
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time the worlnuan observes the odour'pf the issuing vapours, 
and if the pungent smell of ammonia should l)e detected,, 
further addition of acid is made to neutralise it. ' . ■ 

A still reiiuires some fourteen hours to work off the am- 
monia, and the residual liquor will have a strength of about 
■ 1 ° Twaddell. 

The sulphate of ammonia produced is grey in colour, and 
contains on an average 9/5 per cent, of pure sulphate. The 
yield is about eight per cent, on the quantity of bones- 
carbonised. 

The value of the tar rests solely on the amount of residual 
pitch recovered when it is distilled, the yield averaging 
;14 lbs. for every ton of bones “retorted”. It is used mainly 
for the manufacture of black varnishes, Brunswick black, etc. 
The volatile products yield by condensation an oily liquid, to 
which the term “ bone oil” is given. Up to the present time 
no practical use has been found for this, other than that of 
spraying into the fire-grates of the steam boilers, and thus; 
lessoning the consumption of fuel. 

Marrow I^ones. 

Part of the raw material delivered at the works consists of 
the thigh and log bones, termed “ marrows ” or “ knuckles 
Tlieso realise a much higher price, and are treated separately 
from' the common bones. The first operation consists in 
sawing off the ends, leaving bare the core ; the ends being 
passed on to the extraction house for hemsene treatment. 
The sawn bones are convoyed to a large vat, hero they are 
covered with water, in which a little salt is dissolved, and they 
are allowed to steep for three days. The salt assists in the re- 
moval of any blood contained in the bones. After steeping, 
they are removed to the boiling vat, again covered with water, 
which, by the aid of a steam coil, is brought to a simmer, 
but not higher, for six hours. Excess of boiling renders tha 
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bone “chalky” and “soft,” and its value is thus conHidoi’ably 
lowered to the button-maker. During this siinmoring tho fat 
rises to the surface of the water and is skiininod off into a 
cooler. ‘When the steam is turned off, tho water is gradually 
cooled to 130° F., the bones being then removed ; {.*a(',h in- 
dividual bone is “scrubbed,” to detach any soft "mealy*' 
matter or dirt, this work being done by a number of girls. 
They are now wheeled to an open shed, bihxuuI in Hingle 
layers on racks, in which they are allowed to diy in a strong 
current of air, and then stacked for use. Tho average yield 
of marrow fat is about nine per cent., a sample of which gave 
on analysis the following results : — ■ 

Impurities— Water MO por eonfc. 

Organic matter (other than fat) . ()-02 „ 

Mineral matter (ash) , . . 0*13 „ 

The clean fat consisted of — 

Neutral fat . . . 47-07 por cent. 

Glycerine (1‘24 sp. gr.) . fi- 2 B „ 

Free fatty acids , . , C2’03 „ 

Non-saponifiablo matter . None. 

Marrow fat is much lighter iii colour tlmn bojmeno ex- 
tracted hone fat, and consequently commands a bettor price. 

It is used for soap-making, also for expressing the fat oil 
which is used as an adulterant in neat's-foot and other high- 
class oils, and for other purposes. Tho following is a prossing 
of good marrow fat : — ‘ 


remperature of pressing, fifi" F, 

Marrow fat weighed 10 owt. 3 qrs. 6 lb. and yielded— 

Steanue q 

Bat oil, o7| gallons, weighing 4 owt. 2 qrs. 1/3 lb. 

10 owt. 8 (^rs. 3 Ih. 

Temperature of atmosphere and oil, !»', 

Pressure exerted ^ 160 tons. ' 

When the bone is not to be used aubsequeutly tor 
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bufcfcou-making, a much greater yield of fat is obtained by the 
following method : Take the marrows, saw off the ends, and 
wash well with water until the visible blood is washed away, 
then place in a digester, half fill with water, previously add- 
ing 6 to 7 lbs. of salt for every 6 cwts. of bones ; and digest 
for eight hours, with a steam pressure of 40 lbs. When 
digested, allow the liquid contents to run off into a receiver ; 
the fine fat will float on the liquor containing the glue and . 
othor bodies removed, and after skimming is brought into the 
market under tho name of “Premier Juice ”, 

A few firms carry on in this country the manufacture of 
buttons, etc,, hut this industry is mainly centred in Prance 
and Germany, to which countries are shipped largo quantities 
of prepared marrow bones. ISTot only do they make buttons, 
•Hpoons, prapor-knives, and many fancy articles from bone, but 
they convert the residual cuttings, rings, etc., into high-class 
gelatine, whilst the fine meal from the drills forms an addi- 
tional source of profit, being used as an admixture in the food 
■of poultry, dogs, etc. 


CHAPTER H. 


Gluk. 

The art of glue-maldng is oiio of the most imiiortanl; pro 
cesses of the bone works. Glno is an impure goliitirm, am" 
lias a similar composition to tho cartilage from wliioh it ii 
obtained by boiling. Tho colour of gluo varies according t( 
the manufacturer’s requirements. Glue of good ((iiality if 
practically free from smell, is lum/Tcctcd by tiui atinoHplutro 
and has great adhesive power. 'When innmfrHod in cold watoi 
for twenty-four hours it remains quite iusolublo, whiio fcht 
original weight increases from four to six times l)y the iibsorp. 
tioD of water. In hot water glue dissolves completely, giving, 
a clear liquor which jellies in a few hours to ii firm nuiHs 
On incineration a slight white ash is loft, consisting chiefly o 
phosphate of lime. Glue is perfectly insoluhle in othor anf 
all fatty oils, With sulphuric acid a rapid change lakof 
place, and glycocoll, otherwise termed sugar of gcjlatine 
together with leucine is formed; whilst on lioating witl: 
nitric acid oxalic acid is iDrodueod, According to tho natiiw 
of the materials from which they are obtained, glues may lx 
classified as bone or hide glues. Chemically tho dimiironc( 
between the two rests on the amount of glutin each contains 
physically, the adhesive power and elasticity of hide an 
greater than those of bone glue. 

Of the two nitrogenous substances, glutin and ohonclrin 
that form the material we know as glue, glutin has a nmol: 
greater adhesive power than chondrin : in all hide gluos tbii 
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substaiico predo mi nates, being derived from hide and osse- 
ous parts, consequently tliey are the stronger. Ohondrin is 
derived from the cartilage of the ribs, shoulder-blades, etc., 
and is predominant in bone glue. 

In a works dealing mainly with bones the production of 
skin glue is but a subsidiary branch ; the liquors being 
principally used to strengthen and impart viscosity to certain 
classes of bone glue made. The skins are firstly limed ” 
in a thin lime-water for several days, the time occupied varying 
according to the appearance of the skins ; if soft and bluish, 
the “liming” is continued. On the other hand, too much 
steeping diminishes the yield of glue, which may, however, be 
of excellent quality. The skins should be “ firm ” and free 
from any- greasy feel before they are taken out of the lime 
vat. The ** liming ” effects the solution of the blood and 
flesh of the skins, and at the same time saponifies or emulsi- 
fies the fatty matter. After this operation the skins are 
now thoroughly washed in a perforated iron cylinder, which 
is placed horizontally and revolves on its own axis. The 
cylinder has a diameter of 0 feet, and a length of d feet, it is 
open at 'both ends, around the inside being fixed a number of 
wooden baffle plates 6 inches broad, which, as the cylinder 
revolves, carry the skins with them, ultimately allowing them 
to fall to the bottom ; daring this operation they are submitted 
to a strong stream of water, In the cylinder also is arranged 
an iron plate, supported by stays from the outside. While 
the washing is in operation the plate is turned vertically; 
but on completion of the washing this is brought to a hori- 
zontal position, forming a table on which the skins fall, and 
from which they are removed to a hand press to squeeze out 
the water. 

The effluent water from the washer is heavily charged 
with lime, the alkalinity at times being as much as 192 grains 
per gallon. In addition the water also contains a oousiderablo 
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quantity of organic matter togetlwr witli liino Boapn forim 
during the “liming” procGBS, and wliioli, if run direct ini 
a stream, would certainly lead to coiiHidorablo risk of pollutini 
To remedy this a large settling tank, hiiiit of iu'ick and liru 
inside with cement, is provided, the si/o being rogiilat( 5 d a 
cording to the quantity of effliiont produced daily ; into tii 
the day’s effluent is run, and on the stoppage of tlio washc 
a mixture formed by dissolving two parts of huTouH Hul))lia' 
and qne part of alum in a little hot water, is added, Afti 
stirring, the whole is allowed to settle for eight to ten liour 
when the water becomes quite clear, and with safety can 1 
run into a stream. The thick sludge is removed by ])innpinj 
dried by any waste heat in the works, and then imed in tl 
manure shed. The cost of treatment is about IXd. |)er 7()( 
gallons of effluent. 

The skins from the press are now taken to the gluo-boile 
which is an open vessel, 8 feot diameter at tbo top, and 
feet deep, provided with a perforated false bottom, tlirouf 
the centre of which passes a a-inch opon pipe, ono oi 
dipping below a layer of water at the bottom, tho other pr 
jeoting about half the height of the boiler, tliis end boil 
covered with a perforated hood to spray tho liquor throiiji. 
the mass. The skins are placed on the false bottom, at 
the added water at the bottom of the boiler brouglit to tl 
boil by means of a steam pipe. The steam, not being ab 
to escape quickly through tho dense mass of skins abov 
exerts a pressure on tho water, forcing it through the pip 
by which it is sprayed through tho mass, and ultimately 
works its way to the bottom of the boiler, to bo forced i 
apin. .This continual circulation of the hot liquor rapid 
dissolves the gelatinous matter, and when a strength of ! 
per cent., of diy glue is reached, the first run is made to tl 
evaporating pan, the liquor passing first through a filter 
fane shavings, to remove any suspended matter. Jfroi 
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water is added to the contents of the boiler, and the boiling 
renewed. Three extractions are iisnally made, the last being 
used for si^^e. The evaporating pan used is 6 feet square 
and 3 feet deep, arranged with a coil of piping, the liquors 
being evaporated down to a strength of 32 to 34 per. cent i of 
dry glue, subsequently being used as an admixture to certain 
bono glue liquors, or it may be jellied in coolers, out and dried 
in the usual way. Some glue boilers add a little alum to 
the liquors before concentration, to precipitate any lime and 
remove turbidity ; the liquors thus treated however require 
to be filtered anew before evaporation ; on the other hand 
many boilers do not find this necessary. 

In works where the bones are subjected to the benzene 
process, they usually undergo no other treatment after being 
cleansed, but are sent direct to the glue-extractors. Some- 
times, however, an exception is made to this procedure, the 
boiler immersing a charge in a bath of muriatic acid, about 
1“ Twaddell strength, for twenty-four hours, and after wash- 
ing, fills his extractor. He assumes that such treatment im- 
proves the quality of the glue ; however, any slight gain here 
is counterbalanced by the labour and time expended, the loss 
of phos^jhate of lime dissolved, and the value of the acid used. 

The system of glue-boiling varies with different firms j 
some adopt the water system, and others the direct steam 
process. In the former the extractors are small, holding 
about 3 tons each, generally worked in couples, water and 
steam being made to play alternately throiigh each extractor. 
For this a plentiful supply of hot water is required, neces- 
sitating a special boiler for feed purposes. The liquors yielded 
are .large in bulk, and vary considerably as regards their 
strength, the average being about 10 per cent, of dry glue, 
The dogelatinised bones withdrawn from the extractors are 
very wet, and therefore give an inferior bone meal when dried 
and ground, 
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The following analyses are of four samples of tlogoUifcinif- 
hones, drawn at different periods, and give tho porctmtagj^ 
nitrogen, nnrecovered as glue, by this procoas : — 


Nitrogen in degela- 

(1) 

(2) 

(3) (^l) 

tinised bones 

l-297„ 

1-187, 

1-367,, 

Equal in glue to 

n . 

6-(l07„ 

7-887' (}-7.r 


The direct steam method may bo cnnH{(loi'(Ml (i im 
economical method of extraction. Loss room is r{«|uir<ul I 
the plant, and it is more easily worked. ’’.IMio liipiorH aro It' 
bulky, and have a higher strength, averaging 20 jun’ tiont. 
dry glue, which is a very important advantage in thti aft 
evax^oration. In addition tho bones are drier, and the ho 
meal is of better quality. 

Of four samples of bones degelatinisod by the stea 
method, and drawn at different times, tho poroentagtj 
nitrogen was as follows t— - 

• (1) (2) (3) (4) 

Nitrogen in degela- 
tinised bones . ‘OSV^ 

Equal in glue to . 6-047„ <li-727„ (M07„ H-W/ 

The percentage of nitrogen, practically unrecovoniblo 
the form of glue, therefore is 1 per cent. In IVig. 7 
shown a section of a glue-boiling and clarifying hoviHO, wi 
plan of clarifying vats, filters, and evap orating troughs. Tl 
whole of the operations are carried on within one buildin 
which is provided with an upper floor, supporting tho val 
as shown in the first floor plan (Pig. 8). ’ This floor ali 
carries a small railway, running tho length of the oxtraofco 
A, so that the cleansed bones, as brought up by tho olovat' 
JT, may be rapidly discharged into them. In tho jdan 
shown an installation of six extractors, built of mild ste 
plates well riveted together, and holding 4 tons eaoli, A 
cording to the amount of size made, either one .or two a 
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used for thab purpose solely, fcho rosb oxoIuHivoIy oi 

ployed for glue. On the ground floor is pliuiod a Hmall ra 
way on which truolcs run for the rapid nnuoval of tin; twiati 
bones. The liquor from ail tlm oxtruetors is (lim;hai'g( 
into one main pipe which feeds, by luoaiis of hrauo.hos, tl 
different vats B, B, B, Tho lattor are built of wood, Ilf indi 



7^/a-rv , ^ VVtV. /S^TJ, 


I’m. 8 .~GIuq BoUIiik I'lunl. I'livn. 

thick, and stoutly bound with iron hoops. Kaoh vat is flttG( 
with a copper steam coil, the tube being 2 inches in clfainetei 
and is also provided with an upright perforated copper pipe 
2i iuches diameter, passing through tho bottom of the vat 
to which is fixed a cook to shut off or regulate tlie flow of fch( 
liquor after the bloao|ing and clarifying is finished, irndea 
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lie ft til ftre placed the bag filters G, G, G, made of stout calico 
and having a length of 7-^ feet, the filters being enclosed in 
the boxes D, D, D, to prevent any loss from the liquor 
spurting out. On the ground floor are placed the three eva- 
porating troughs Ei E, E, each one evaporating the liquor from 
two vats. The liquors leaving the clarifying vats -have a 
strength of about 20 per cent, of dry glue, and are evaporated 
until they have a- strength of 32 per cent, in winter and 36 
per cent, in summer. ]?or this purpose spiral evaporators 
are used, forming a ready and economical means of evapora- 
tion. The evaporator consists of a spiral steam coil, made 
of copper, 2 inches diameter, revolving on a central shaft ; 
the lower half of the coil is covered with the glue liquor in 
the trough, the upper half carries a thhi film of glue liquor 
with it. The shaft rests on two plummer-blooks, one receiv- 
ing the steam, and the other disoharging the spent steam and 
condensed water. The shaft is hollow as far as the first coil, 
from whence the steam is conveyed to the spiral. From the 
last ooil to the end of the plummer-blook the shaft is also 
hollow, and in that portion resting on the block two openings 
are made. In the inside of the plummer-blook, two correspond- 
ing openings are made to the outside, each forming a covered 
channel ; therefore, as the shaft revolves, all the holes directly 
face each other at intervals, which allows any condensed 
water in the coils to, be blown through. From twenty-five 
to twenty-eight coils aro the most usual number in each 
spiral. The glue liquors are fed into the trough at one end, 
whore they have a temperature of 76° 0., the temperature of 
the evaporated liquor at the other end of the trough being 
86" 0. In the slow passage through the trough, the liquors 
reqeiving the heat of the revolving coils become raised in 
strength frdm 20 per cent, to 32 percent, of dry glue, at which 
point they are ready for jollying. 

On this floof also is placed the sulphurous acid generator,, 
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a longitudinal section of which may bo 80 (ui in '-b com- 
prising an air-cornprossing ougine W., throwing a onnoufc of 
air into, the iron oylindor iJ, in which is placed a tray coiir 
taming burning sulphur. Tho sulphur burns to Hulphurous 
acid gas by the aid of tho oxygon of tho air blown in, and is 
then passed into the lead-lined wooden vessel 0, which acts 
as a washer. On bubbling through tho water, it is conveyed 
by the pipe to the clarifying vats. The method of l)lea<5li- 



ing with the gas is more economical than the use of a solution 
of sulphurous acid, and it may . also bo regulated so that any 
shade of colour can be obtained. 

In each extractor, not shown in the section, a "vomit” 
pipe, 3 inches in diameter, is placed in tho coutre, and sup- 
ported on the bottom by three stools, Tho pipe runs through 
the false bottom to within a. foot of the top of tho extractor, 
being fitted with a hood for spraying otpially tho ojoctecl 
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liqtior over the surface of the bones. At the bottom a 1-inch 
steam injector pipe is led just inside the “ vomit,” .the end 
being closed with a column of water 9 inches high. The 
successful working of the “ vomit ” pipe depends on the un- 
equal pressure above and below the false bottom, it serves a 
useful purpose in washing down the glue exuded from the 
bones. In working a charge of bones, the initial steam-pres- 
sure should not be above one atmosphere (15 lb.), which is 
gradually reduced to 6 lb. This lowering of the pressiu’e 
allows the glue formed within the bone to come to the sur- 
face, from which it is removed by the spray. To each ex- 
tractor is fitted a pet cook, which enables a sample to be 
withdrawn at any time for inspection, A charge usually 
takes about eighteen hours, and the liquors are drawn off at 
intervals of six hours. 

On discharging from the extractors, the liquors are led 
to the clarifiers, whore they are treated with the requisite 
quantity of alum, x^reviously dissolved in a little of the glue 
liquor, and kept by the steam coil simmering for half an hour ; 
the temperature is then lowered to about 80“ 0., and the 
sulphurous acid gas allowed to bubble through until the 
desired shade is obtained, small samples being drawn from 
time to time for inspection. On completion, the under-valvO 
is opened, and the liquor allowed to run into the bag filters 
for filtration, and from thence to the evaporating troughs. 

In the clarification of glues many attempts have been 
made to replace alum as a clarifying agent by other materials 
such as phosphate of soda, oxalic acid, blood, sub- acetate of 
lead, infusion of bark, etc., but none of these have proved 
superior for the purpose. Alum , used in excess, is undoubtedly 
injurious to glue, but the proportion necessary for clarifica- 
tion is BO sjnall that it cannot have a marked action. 

The concentrated glue liquor leaving the evaporators is 
jellied by running it into sheet-iron troughs, called coolers, 
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and allowing it to stand in a cool plaou foi; twonty-foni* Ikuu’S 
or, if the glue made is what is called a (iast-glucs it is run oi 
to' glass coolers, to the required thichneas, there jellied, aiv 
subsequently out into cakes which ai'o dri(id. ^ Out ghus lias 
better appearance than cast-glue, although it may not bo 
stronger glue. 

One of the most difficult opxu’ations of the gluo-makor i 
that of drying the glue. The temperaturo of tho air aa woi 
as its humidity have to bo carefully watched ami gufu'do 
against. Glue will not bear a higher temperaturo than 20'’ ( 
(78“ E) when in the jellied state, otherwistJ it will molt air 
run. through tho nets, On the other hand-, an oxcossiv 
humidity in the atmosphere retards iJie drying of tho joll 
which in a very short time becomes mouldy. 

In pig. 10 is shown the longibuclinal and IransyorHo sec 
tion, and in Pig. 11 the upper and ground iloor phuiH, of 
modern drying-house. On tho ground floor tlio whole of th 
liquors are jellied in coolers, and also cut into cakes by th 
two cutting machines in the contre, Hero a hoist M (p. 4(1 
is , placed, which carries tho cut cakes on "glaHSOs’* to th 
floor above, The upper or drying floor is partitioned uffi int 
three divisions, running nearly tlio length of the ImildiM]^ 
The t^o outer divisions form tho tunnols proper, and at th 
ond of each is fixed a powerful fan, capable of revolving i\ 
high speed, thus drawing the air through the tunnels wit 
considerable velocity. At the opposito end to tlio fans ar 
'fixed a series of 6-in oh pipes, heated by waste steam j tlio fti 
passing between being heated to any desired tomporaturt 
but preferably below 78° .P, In tho oentro passage a iiumbe 
of girls are employed in transferring tho cut oakos to tho nett 
which are built up on a carriage running on a small railwaj 
The carriage, with its coniplemoiit of filled nets, is run to th 
end of the division, traueforrod to tho lower railway 0, b 
, which i^ is carried either to tho right or loft hand tunnels a 
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•desired ; the glue, when dried on the nets, is run to the other • 
end, and by. another lower railway brought to the middle 
division, being ultimately raised by the hoist to a large store- 
room (seen in section), where the glue is sorted and bagged. 
At the end of the store is placed a grinding machine, in which 
all the off-colour and twisted cakes are ground to a powder 
to be afterwards sold as powdered glues. The manufacturer, 
by varying the size of the calces, their thickness, and colour, 
inalcQs any number of grades from the same boiling of bones. 

The appearance of a glno is no indication of its strength. 
A glue may be quite clear and bright, and show good shrink- 
age, yet it may have but medium adhesive power. On the 
•other hand, a dull, heavy-looking glue may have greater 
strength and be more valuable to the user, A good glue 
should break sharply, and with a glassy fracture, it should be 
brittle, hard, and quite transparent. A good practical test for 
the consumer is to take a portion, dissolve it in eight times its 
weight of hot water, then allow it to stand for twelve hours, 
The resulting jelly, if made from a good glue, will be firm 
and caiDablo of withstanding the pressure of the fmgers. 

The following should comprise the specifieafcion of a good 
bone glue 

(1) The sample should take up at least four times its 

weight of water, when a known weight is placed in 
cold water for twenty-four hours. 

(2) The jelly thus formed should bo firm, consistent and 

cohesive, f 

(3) The viscosity of a X per cent, solution at G. should 

bo at least twenty-nine seconds when 60 c.o. are 
run through a burette, taking water at twenty-five 
seconds. , , 

(4) A jelly of 11 per cent, strength made by dissolving the 

glue ill hot water, and then allowing it to stand 
for twelve hours, should bear a weight of at least 16 
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grams (plus the funnel, wliioh weighs 10 gmms) at 
a temperature of 18” C. (shot jelly tost). 

(5) The sample should give off no unpleasant smoll when 

dissolved, and the solutioix should dovt)lop no fungus 
when allowed to stand six days in the cold, 

(6) The sample should not contain more than ‘20 per cent. 

of sulphurous acid, or its equivalent of Hulpliites, or 
mineral acid. 

Size. 

The demand for some agglutinating material wliich, while 
possessing the adhesive properties of a glue, shall ho easier 
to dissolve in water, and obtainable at anuich reduced ]jrioo, 
has brought into existence a commercial article to wliich tho 
name “size" has been given. Size is simply glue in its 
undriod condition ; in the oommonor qualities this is a very 
impure product. The properties comipon to glue made from 
bone or skin are naturally to he found in sizo made from tho 
same sources. In glue, they are concentrated ; in size, the 
reverse. The proportion Of water in tho former ranges from 
10 to 13 per cont. ; while in the latter, a common quality may 
contain as much as 75 per cent., which thus onablos a manu- 
facturer to sell at from £6 to £6 a ton. Many firms wlio have 
a good selling connection for size, havo not gone to tho 
expense of erecting clarifying plant and drying"houHO for treaty 
ing the due liquors, but prefer to stop the process of gluo- 
makingthalf-way, as it wore, marketing tho resulting product 
as size. Others again, with a comploto glue plant at hand, 
convert a portion of their liquors into size, to moot trade 
demands, the. bulk, however, going for tho inanufaoturo of 
glue. Size varies in quality to suit the voquiremonts of differ- 
ent trades. Cardboard liox-makers prefer a strong skin sizo, 
which is manufactured red or yellow, as preferred. A strong 
yellow size made from bone is used by calico printers, paper 
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Stainers, wall-paper maimfaeturers, and in the straw hat and 
carpet trades. Common size finds various markets as a cheap 
agglutinant. In the preparation of skin glue the first and 
second liquors are used for that purpose ; the residual mass 
is then treated with water and steam, which practically ex- 
hausts the gelatinous matter. This, third liquor, is used 
solely for size. During the boiling, samples are taken at 
intervals, cooled, and the consistency of the jelly noted. The 
strength is also taken by the glue meter, which registers the 
percentage. At a strength of 8 to 10 per cent, the liquor is 
run oir, through a filter of fine shavings or cloth, to remove 
any suspended matter, into a wooden vat fitted with a steam 
coil, in which it is treated with a moderate charge of sulphurous 
acid to improve the colour, after which it is evaporated to a 
strength of 30 to 38 per cent., according to the quality de- 
sired, and then run into casks to jelly. 

If skin glue is not made, the three runnings are used 
entirely for size. 

In preparing bone size, the bones' are first degreased by 
the naxfiitha process, then passed through the cleanser direct 
into the glue boilers, in which they are steamed as in the 
manufacture of glue ; the resulting liquors are forced up to 
the clarifying vats, partially bleached with a current of sul- 
phurous acid, passing thence through the bag filters to the 
qvaporating troughs, where they are concentrated to 30 or 38 
per cent, as required, and then jollied in casks. 

The manufacturer with no benzene or glue plant at his 
disposal) washes the bones in a revolving drum, then, after 
• crushing, they are fed into a boiler, thou subjeotod to alter- 
nate currents of steam and water, the latter coming from a 
spray qfipe fixed at the top of the boiler. 

The liquors are generally drawn in two portions, having 
a strength of 14 to 16 per cent, of glue. After separating 
the fat, which is refined and sold to the soap-maker, the liquors. 
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are run into a large wooden vat (8' x (5' x 4') litttMl with ti 
steam coil, in this it is partially ])le!uilu)d wifcli li(iiii(l Hnlplmr- 
ons acid, and subsequently boilod down to th<i required 
strength. 

Por a common si;5e the bones are cruHluid, but not washed, 
they are then fed direct into tho boiler and tivsitcid iis ahtwo, 
The liquors which are not bleached are boiled to a Htrongtli 
of about 25 per cent, of glue. 

The composition, of the different grades is a})])roxim(i,t(}ly 
as follows : — 


Common size . 

. 2G per cent. glue. 


70 

n 

water, etc. 

Medium size . 

. 80 

II 

glue. 


70 

M 

water. 

Best size . 

. 88 

}l 

glue. 


()2 

IJ 

water. 


Concentrated sizes are now prepared by many manu- 
facturers. They are bone sizes and And a ivsidy market in 
France and Spain, being sold on tluj !Haumn stixiiigth at 
50“ C. 

The following may be taken as examples of theso 

No. 1 . . . . IG" Iiauiii6 at GO’ 0, 

40 ’G jioi' (lent. glue. 

No. 2 . . . . 20" IkiumO at GO” 0. 

44 'G per euiit. glue. 

No. 8 . . . . 2G‘' Jlaumd at GO” 0 , ' 

40 por eoiit glue. 

Under the name of concentrated sizes are also sold 
powdered glues of different (|ualitieH. TJiey are produoed 
from the off-colour and twisted cakes, sorted out in tlu^ ware- 
house, and ground to- a fine condition by passing through a 
mill. Their value is based on tho quality of tlie cake ground. 

As is well known to makors, size rapidly beooirioa sour 
and mouldy or oven putrescent unless soiiio preservative is 
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added, For this purpose sulphate of zinc is largely used. 
Other preservatives, such as those sold under the names of 
“ Salufer,” ** Preservatine,” etc., have also been employed with 
good effect. The best preservative for size, however, is 
crystallised carbolic acid, provided that its odour is not ob- 
jected to. Formalin — ’that is a 40 per cent, solution of formal- 
dehyde in water — cannot be used for this purpose, as it renders 
size insoluble in water and incapable of being melted by heat. 
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OHAPTEB III. 

GtELATINH. 

G-elatine may be conaiderecl iis a pnm form of gluo. j'l; in 
quite trausparent, has a slight yc^llowish tint, is very hard 
and elastic, but brittle if bent too far, 'Wlum immorstul in 
cold water, it softens and swells, but do(^s not (UhsoIvo, 
Similarly to glue, gelatine has the power of alisoiBing water 
on immersion, this absorption, in good (jualities, Inung as 
high as 8 to 9 times the weight of the gelatine. In liot 
water it dissolves completely, the solution on standing for 
twelve hours in a cool place being converted into an almost 
colourless, transparent, and very fiwn jolly. 'I’his powtu’ of 
gelatinisation is, however, gradually destroyed l)y loiig, 
continued boiling of the solution. Both dilute and strong 
mineral acids affect gelatine more or loss. Weak acids 
destroy its adhesive power, while the strong acids detsompose 
it, the iH'oducts of hydrolysis being glyoocoll, Iciujimj and 
other substances. 

Concentrated acetic acid, on the other hand, does not 
destroy the gelatine, but merely dissolves it. One of the 
most delicate reactions of gelatine is with tannic acid; oven 
when only raWth part of the former is present tlie solution 
becomes opalescent. The reaction seems to bo of a dolinite 
nature, the precipitate consisting of 4t}‘74 parts of glutin and 
5 7 '26 parts of tannin. 

Gelatine, like glue, is derived from hidos and skins and 
also bones. Tbe gelatine resulting from tlui former is made 
by a different tieatment to that which the bones undergo ' 
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fcho latter yield tlie larger proportion of the gelatine whioh is 
used, either as a food or for trade purposes. 

The manufacture is not carried on in this country to 
nearly the same extent as in France and Germany, due no 
doubt in large measure to our variable climate, and also to 
the fact that with less technical skill the liquors can be 
readily converted into glue and size, which are more market- 
able products. The raw materials for gelatine have to be 
selected with the greatest care and judgment ; they must be 
quite fresh ; the skins — ^proferably those of calves and sheep 
— boing cut into pieces by a machine in which a number of 
knives are fixed to a revolving shaft, then thoroughly cleansed 
from any blood by soaking in a brine solution of 3“ Twaddell 
strength, afterwards washing well. The bones used are 
mainly the ribs and jaws, which are also well washed before 
using. 

The clean waste cuttings and rings from the button 
factories are also ntilised in the mannfacfcuro of gelatine. 

Skin Gelatine. 

The method of preparing gelatine from skins has oliaiiged 
but little since Nelson introduced his process, The first 
treatment the oloansod skins are submitted to is the “steep- 
ing ” process in whioh caustic soda or milk of lime is employed. 
In some factories a mixture of caustic (slaked) lime and soda 
ash is used, in the proportion of 6 lb. of soda ash and 6 lb, of 
slaked lime to every hundredweight of skins treated ; under 
tllosG conditions the whole of the carbonate of soda (soda 
ash) is converted into caustic soda by its equivalent of caustic 
lime, the excess of the latter remaining unaltered. The 
equation representing this is as follows ;• — 

NajjOOa -h OaHyOa - 2NaH0 -h OaCOg ' 
Soda aab. Oauatio lime. Oaustio soda. Carbonate of lime. 

The steeping is conducted in largo wooden vats, each helving 
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a length of 12 feet, width 8 foot, and (Iqith 8 font, lixod witli 
a slight gradient to the overflow, whieh is jdaood at blio most 
convenient ooi'ner of the vat and protocjtod I)y ixn'foratnd 
boards. The skins in tho vats are noarly (sovorod witii water, 
and then the solution of oaustic soda, prnparod an alawo or 
one of slaked lime mixed in water to a croaiii, is Hprjiyod 
equally over the mass, the whole i)oing intimatoly mix(sd 
with long stirring poles. The water is run away and rmiowod 
twice during a period of twelve days, the time allowed foi 
the skins to soak, They are now romovcid to a ehambor, ii] 
which a moderate increase of Iroat fauilitates tho Haponiliea* 
t ion of the fat and tho solution of the Ihmliy niatter. Tin 
chamber is a brick building, with a eumented lloor, on whiel 
the skins are spread to a uniform deptli of about 0 inolioK 
it is heated by steam pipes running round tljo l)ui]ding, Th< 
temperature being about 70“ If. tho Hlciiw ar<i oxpoBud two o 
three days, with frequent turning. M^hoy ar(i now traimforret 
to the washing machine, which is similar to the ono (loBc!rihe( 
under “ Skin Gllue,” in which tlioy are washed until tlm eniuen 
is practically free from soda or lime. Tho sln'iiH then imdm 
go a bleaching operation to whiten them, and tlnm dostro 
any injurious colouring mat tor, .Ifor this purpose the wasliui 
Bkius are removed to a number of vats fitted with foldin 
covers, m which they are treated with a solution of Huljdmroii 
acid of r Twaddell strength, for twenty-four lionrs, uadi vo 
being well stirred at intervals to allow the “ bloiieh *' to po 
meate equally through the mass, 

In some lactorios this process is carried out with sulpliu 
ous acid gas which is generated in a sulphur huvimv/ m 
after washing, passed into a chamber containing tlm skin 
The vats are now drained, then filled up with water, w( 
stirred, and the water run off. Tliis is repoatod until tl 
effluent is practically free from any sulphnrouB anidl, tin 
the work of dissolving the gelatine is proceeded with. Ti 
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digestion of the skins is carried on in stoutly built circular 
wooden vats, their size being generally 4 feet 6 inches dia- 
meter and 6 feet deep, and into each is fitted a 2i-incli cop-, 
per steam coil. The vats are .provided with double wooden 
bottoms to distribute the heat. They are arranged on the 
first floor of the building, the liquors running through a 
shallow filter of fine copper gauze to the clarifying vats be- 
neath. The skins are raised by an elevator and fed directly 
into the vats by means of suitably arranged troughs, then 
covered with water and steam passed through the coils. 
Tho temperature, being frequently taken by the thermometer, 
should never exceed 177° F. (80° G.). During the digestion, 
any unsaponified fat and dirt comes to the surface in the 
form of a scum, which is carefully skimmed off from time to 
time. Samples are also drawn of tho liquors, these being 
cooled, and the appearance and strength of the jelly noted. 
After five to six hours’ heating, tho first liquors are run off 
to the clarifying vats, at a strength of about 17 per cent, of 
gelatine. 

The vats are refilled with water, and a second digestion 
made, the liquor running to the clarifying vats at a strength 
of 12 per cent. In the third digestion the temperature is 
raised a few degrees, to practically exhaust the gelatinous 
matter, which can either be clarified to form an inferior 
gelatine or concentrated for size. The spent material is taken 
to the manure-shed for mixing purposes. The clarifying of 
tho first and second liquors— -also, if used for gelatine, the 
third liquoi'' — is done separately in the clarifying vats. The 
clearing agent used is alum, which is added in the proportion 
of i per cent., or instead of this a little blood diluted with 
water ; either of these is mixed with a small portion of the 
hot liquors in a bucket, and -then well stirred in the vats. 
The temperature is raised to 177° h’. (80° C.) to poagulate 
tho impurities, then lowered to 149° F, (66“ C.), and the 
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liquors are allowed to stand for two hours. , this 

time the coagulated matter rises to the surfaco, and is 
skimmed off. On, leaving the vats the litiuors are liltorod 
through fine copper gauze sieves, from whicli they pass into 
a receiver,, and thence into the vacuum pan. 

Gelatinous liquors being peculiarly Honsitiv('. t{» high tem- 
peratures, .esxDecially with regard to colour, it is hmnd advis- 
able to evaporate them in vacuo ; this method being adopted 
by all continental makers. Tlie tliree grades of tlui litpiors, 
after being concentrated to the required strcuigth, are, run on 
to squares of glass, 4''x 4"*, fixed in a wood framing, to a doptl^ 
pf 4“inGh for cake and ^ '■inch lor loaf gelatine, these aL’(< tlien 
l^laced perfectly level on racks for j(d]ying. In, twenty-four 
hours the jelly is firm, and can easily bo cut to tlie desired 
size of cake or leaf. A very fine gelatine is produissl hy cut- 
ting the jelly into small pieces, washing thtiH<^ well witli cold 
water, remelting at a temperature of 80" C., and pouring again 
on the glasses ” for jellying. 

The drying is carried out by exposing the mit (Jakes, 
placed on nets fixed to a framework of wood, to a rapid 
current of dry air in the tunnels, as doscjribed ii\ tluj drying 
of glue. 

Bone Gelatine. 

The preparation of bone gelatine dcjpends on 'dissolving 
out the phosphate of lime by an acid. 

The bones for this purpo,so are carefully piektid, and 
those of a soft and spongy nature solectod, owing to the 
greater percentage of gelatine- forming nitrogen tlujy contain. 

After well washing, to remove any extraueons dirt, in tin 
revolving washer, as described under “ «kin Glue,” tliey arc 
fed into a machine called a ” cracker,*' in wliich the rcwolving 
aims or cutters break them into pieces about an iiicli long 
this size being most convenient in the after process of clis. 
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solving, , The cnishecl bones are then carried by a conveyer 
to a series of large wooden dissolving vats over which the 
conveyer passes, and thus the stream of bones can be dropped 
into any of the vats as desired, These are three-fonrths filled 
with hones, and then covered with a solution of hydrochloric 
acid of 10 per cent, strength, The acid dissolves out the 
phosphates of lime and magnesia, the carbonate of lime and 
the oxide of iron forming the osseous structure of the bone, 
leaving the gelatinous matter intact. The steeping is car- 
ried on for four or five days, or until the bones become soft, 
leathery and semi-transparent. The acid water is now drained 
off, a supply of fresh water being added and then discharged. 
This is repeated until the last water is entirely free from acid, 
which may be known by adding a few drops of silver nitrate ; 
the absence of any white precipitate, soluble in ammonia, in- 
dicating its freedom, 

The decalcified bones are now bleached in the manner 
described under “ Skin Gelatine," and then convoyed to the 
boiling vats. (See “Skin Gelatine ".) During the action of 
steam and water the fatty matter floats to the surface, and is 
skimmed off from . time to time. The gelatinous liquor is 
treated as described, run into glass moulds, jollied, and dried, 
in a similar way to skin gelatine. 

Some gelatine-mdkers on the Continent have given con- 
sideration to the use of bisulphide of carbon as a solvent for 
the fat in the bones before they are subjected to the acid treat- 
ment. The boiling-point of bisulphide being low (i.e. 116° 3?.) 
there would not be the same risk of injury to the gelatine as 
with benj^ene, which has a boiling-point of 176° If. Then, again, 
bisulphide leaves no trace of smell in the degreased bones. 

Those and other considerations have been favourably con- 
sidered by jfroneh makers. There is no doubt that this solvent 
will play a loading part in the manufacture of gelatine in the 
early future. 
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The Testing oe G-lues and C4i5j'iATiNRH. 

It may be truly said that tho best tost ot a f'liKi in the 
amount of work it will aoconiplish. AVlieii uhchI uh ti 0(iin(nifc, 
an inferior quality has poor binding power, bosidos on din- 
solving it may emit an offoiisive odour. ■ Tho porcontago of 
ohondrin also will be relatively high. On tho other hand, a 
strong glue is free from impurities, and poBsoHseH high ndluiHivo 
properties, due to the larger proportion of glutin. 

All glues are combinations of two, closely allujd Imt choini- 
cally distinct constituents, vi?^., glutin. and olioudrin. 'hho 
former is derived from the skins and oshooub parts ; tlu! latter 
is largely found in the cartilage of tho ribs, joints, larynx, oto. 
As glutin has a greater adhesive power than ohondrin, it is 
the aim of the glue-maker to inoroaso tliQ former and reduce 
the latter as far as practicable. The following is tho porecnit- 
age composition of the two substancGS. 

Carbon, Hydrogen. NUrogon, Oxys«n. 

Gelatine . 60-0 6*6 IB’O a6‘:i. 

Ohondrin . dO-l V'X Xd-I Shpjl, 

Pure dry glutin is a yellowish transparent elastic sub- 
stance, very hard, and possessing groat coheroncse. It is 
devoid of smell, and insipid to the taste. Being muitral in 
its action, it exerts no influence on the most dolicsato colours. 
In cold water it is insoluble, but it softens and swells like 
ordinary glue. In warm water, glutin dissolves completely, 
and from the aqueous solution it is precipitated by alcohol, 
taunio acid, mercuric chloride, mercuric nitrate, and merovirous 
nitrate. The solution, however, is not alTootod hy liydro- 
chlorio or acetic acids, alum, acetate or l:)aBio acetate of lead, 
nor sulphate of iron. Ohondrin, in tho dry state, is a hard, 
clear, homy substance, with a specific gravity greater than 
that of water. Like glutin, it softens to a jelly, but is insol- 

^ uble in cold water; with warm water it is oomplofcoly 
soluble. ^ 
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Ghondrin is precipitated from its aqueous solution by 
hydrochloric, sulphuric, nitric and phosphoric acids, redis- 
solving in an excess of the acid. The organic acids — tartaric, 
oxalic, citric, lactic, and succinic — precipitate chondrin also, 
but the precipitate is not redissolved by an excess. Ghondrin 
is distinguished from glutin by being precipitated with alum, 
acetate and basic acetate of lead, and sulphate of iron, those 
reagents having no action on aqueous solutions of glutin. 
The glues of commerce are derived from hides, skins, or other 
glue-yielding products, or from bone cartilages, The strength 
of a skin glue is greater than that of a bone glue. The differ- 
ence between the two kinds may be detected by breathing on 
the cakes. Skin glue gives no odour ; from bone glue a faint 
characteristic smell is noticed. They should be quite insol- 
uble in cold water, and yet absorb several times their own 
weight. All good quality glues dissolve at a temperature of 
62° to 63° 0. 

In selecting a glue, many buyers consider only the physical 
aspects — •the shrinkage of the cake, its colour, and, in a rough 
and ready way, the strength of a jelly made therefrom. These 
tests are not always a safe guide to the value. A glue may show 
a good shrinkage, be perfectly clear, glossy, and hard, and 
yet be found very weak, owing to a low percentage of glutin. 
In the laboratory of a glue works, a full testing of each 
boiling should bo carried out, and entered with the number 
and date, into a book specially kept for this purpose. The 
teats should include : — 

(1) Moisture. 

(2) Q-lutin, 

(8) VisooBity, ■ 

(4) Ash (and qualitative examination) . 

( 6 ) Acidity, 

(6) Water- absorbing power, 

(7) Strength of jelly (shot jelly test), 
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The chemist should also examiuo the (external asjxxjt 
the sample — the shrinkage and colour. 

Moist'ure . — The jperceiitago of water is (hiterinined by 
posing a weighed quantity of the Rain])lo, finely powdered 
a temperature of 105" to 110" 0. for fourteen houi’H, t 
cooling in the desiccator, and roweighing, It’rom the Iohi 
weight the calculation is made. 

Qlutin . — The glutin is determined by immersing a weig! 
portion in cold water, frequently stirring and changing 
water, until all the colouring matter is extracted ; then i 
solving in hot water, filtoring and preidpitating the glutii 
the filtrate with excess of a solution of taunie acid. [ 
dense white precipitate formed is colleijted on a tared lil 
washed with hot water, dried, and woiglicd. The calculat 
is made on the basis that the coinhination of tamiin i 
glutin has the percentage composition— 

Glutin . ‘.ltl'74 

Tannin .... 57'y(i 


lOOdlO 

This precipitation should take place in a faintly h 
solution as the precipitate varies in composition according 
the conditions. 

The percentage of glutin in a glue naturally varies acco 
ing to the quality and origin. A good honn glue will yield 
to 52 per cent, ; in skin glues it varies from (15 to 75 ] 
cent. 

Viscosity , viscosity is based on the length of ti 
required by a glue liquor of known stroiigtli to How throi: 
a burette, this is compared with water, which should ti 
twenty-five seconds in flowing through tlm same, h’or t 
imrpose a 1 per cent, solution of the glue is made and coo 
to 18" G., being run through tho burette' from 0 to TiOox., ti 
the number of seconds noted. T’he weaker tlie glim liqii 
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the n oarer it approaches the twenty-five seconds or water 
■standard, — ’tliat is, the quicker is the flow. On the other 
hand, a high quality glue dissolved in the same proportion 
forms a more visooiia solution, and consequently runs more 
•slowly through tlie orifice of the burette. With water as a 
■standard the time being twenty-five seconds, a poor glue will 
•on the average take twenty-six to twenty-seven seconds, a 
medium twenty- eight to thirty seconds, and a good strong 
glue thirty-two to thirt 3 ’’~four seconds. 

Auk , — A portion of the sample is finely powdered and then 
weighed in a tared crucible, in which it is slowly heated over 
the bun sen flame until carbonised ; the crucible is then re- 
moved to the muflle and heated to bright redness until' the 
•carbon has all burnt off, then cooled under the desiccator, 
.and weighed. The increase in weight of the crucible is the 
ash of the sample. This will range from I to 2 per cent, in 
a gelatine, 2 to 3 per cent, in a good glue, up to G or 8 per 
■cent, in a common quality, The ash is subsequently examined 
for phosphates of lime and magnesia; bone glue contains 
•both ; sldn glue is free from phosphates. Thus the origin of 
the sample can be traced. 

Kistling determines the acidity by suspending 
•80 grams of the sample in 80 c.c. of cold water for ten to 
twelve hours in, a flask connected with a condonsor. The 
volatile acids are then driven over by a current of steam into 
•a graduated cylinder, the ilask being cooled and more water 
added from time to time, When the distillate amounts to 
■200 c.c,, the distillation is stopped, and the distillate titrated 
with standard deoinornial alkali, If the glue contains sul- 
phurous acid, a known quantity of the standard alkali is 
previously added to the cylinder in order to absorb it and lihe 
•excess of alkali is determined by standard acid. 

Water 28'B49 grama (==>1 oz.) of the saiiii^le 

are weighed in one piece and immersed in cold water (39° F.). 
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If the cake is thin, twenty-fonr hours are stifficionfc ; for 
thick cake forty-eight hours are necessary for a full absor] 
tiou. 

After immersion the cake should be clean at the edge 
firm, and consistent. ' Carefully remove from the vessel, drai 
from all superfluous water, and weigh. The increaso is tl 
weight of water mechanically absorbed by the glue. 
more consistent the jelly is, the greater will be the ac1ho8i^ 
power of the glue, at the same time the larger the wat( 
absorption, the more economical will the glue be in actiu 
use. With a poor and imperfectly clarified, glue the inoroa^ 
in weight will be very low, the jelly will bo soft and flabl); 
and the water highly charged with soluble matter. The al 
sorption will vary from one and a half or two in a commo 
quality, to four or six times the original weight with a mediiii 
glue. A strong glue will absorb six or seven, and a gelatir 
will gain, according to colour, from eight to ten tinuia i 
weight. 

Strength of jelly {shot jelly This test, original 

proposed by Lippowitz, is baaed on the weigh t-snatainii: 
power of a jelly of known strength at a given temperatur 
It is made by covering one end of a small glass oylindor wit 
a tin cap perforated in the centre. Through the porforatic 
is passed freely a stout iron wire, at the lower end of whic 
is soldered apiece of tin dipped like a saucer, the convex sic 
resting on the surface of the jelly. To the upper end is all 
soldered a similar shaped piece of tin, to hold tlio woigl 
necessary to force down the wire. The whole apparati 
should weigh about 10 grams. The test is made with, an 1 
per cent, jelly at 18” G. For this jairpose 8117 grams (1*1 os 
of the sample are dissolved in 288*1 c,o, (10 ozs.) of hot wak 
and allowed to stand in the cylinder for twelve hours to for 
the jelly. The apparatus is gradually loaded with weights nn 
the convex side of the saucer-shaped piece of tin is forced in 
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the jelly. The greater the strength of the jelly the heavier 
"will be the weight recjuired. A medimn to good quality at 
the above strength and temperature will carry 15 to 20 grams 
ill addition to the weight of the apparatus. 

In some recent researches, Setterberg and Oronquist have 
suggested a novel means of testing the tenacity of a glue. 
'They soak unsized paper with a solution of the glue that has 
to bo tested, and after drying ascertain its strength or break- 
ing strain by means of a paper- testing machine. 

S. Levites, in a paper read before the St. Petersburg 
Polytechnic Club (1899), advocates determining the melting- 
point of a jelly as the most suitable method of judging the 
waluo of a glue ; and later, in the Ghemilccr Zeitung, Kistling, 
working on the same lines, urges the gelatine solidity and 
melting-point as the best criterion of the adhesive power. 

Howover interesting those researches may be from a 
l/heoretical point of view, it is improbable that they will be 
regarded as infallible by those who, from practical experience, 
lure most competont to judge' the commercial value of glue. 


OHAPTEB IV. 

Uses oe G-lue, Gelatine, and Size. 

In very iiiany branches of industry, an agglutinant, Huoh 
glue, gelatine, or size, is of the utmost importance for sii 
cessful working. 

Jlor instance, in the great textile trades, tho conHiinipti( 
of both glue and size is considerable both in drossing ai 
finishing coloured yarns and threads, sizing of worsted ai 
other woollen warps, printing of fabrics, etc. 

In the paper and bookbinding trades, tho manufacture 
cardboard boxes, millboards, and j}apiGr macM, also in tl 
sizing, and applying of colours, as well as varnislung pap(3 
hangings, the amount employed is very large. For fam 
and ornamental work, such as imitation leather wall cove 
ings, fire, stove, and draught screens, imitation sciilptiu' 
mosaics, parquets, picture-frames, gilding, etc,, the agglul 
nant performs an important part. 

Ill joinery, carpentry, and cabinet work, tlio building u 
of railway and tramway vehicles, shop, house, onioo, ar 
school fittings, household furniture, organs, pianos, billiai 
tables, veneering, panelling, and ornamental worlc in slii]: 
saloons, the manufacture of wcoden pipes, column a, ar 
masts, etc., the glue-pot is a necessity. 

For waterproofing and preserving tissues and fibros, rope 
cords, and twines, and in the jiroparation of transparei 
tablets for advertising, emery paper, substitutes foa* caou 
chouc and gutta-percha, and in the utilisation of leatlu 
waste for making heels of boots and shoes, door and otlu 
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knobs, finger plates, door panels, ' plaques, trays, and even 
reels for sewing, glue again comes into play. 

Gelatine has a more limited use in the arts. For con- 
fectionery and culinary purposes, and as a substitute for 
isinglass in the clarification of wines and beers, a quantity 
is used. It is also employed in the dressing of white fabrics, 
sillc, and white straw hats, and the qu’eparation of copying 
pads and photographic emulsions. 

Soluble and Liquid Glues. 

These are mainly combinations of glue with some in- 
gredient, which destroys its gelatinising property but yet 
does not unduly impair its adhesiveness. They remain for 
tt long time clear and syrupy, and owing to their portability 
are used for a variety of purposes. 

The following are a few recipes : — 

(1) .Fifty parts of glue of a pale colour are dissolved in 
fifty parts by weight of hot water, in which 'fourteen parts of 
fused magnesium chloride have been dissolved. The solu- 
tion, on cooling, does not gelatinise, but remains syrupy, the 
density varying according to the quantity of water used. In 
the manufacture of printing inks this preparation oan be used 
as a substitute for gum. 

(2) Ten parts of strong phosphoric acid are diluted with 
an equal weight of water, and then four parts of ammonium 
carbonate gradually added in the dry state. "When the 
GCforvQSConco has subsided, a further five parts of water are 
added, and the liquid warmed on the water bath or steam 
chest to 70“ 0,; twenty to forty parts of glue, according to 
the consistency required, are tlien added, and the liquid stirred 
until all is dissolved. 

(3) Twenty parts of glne are dissolved in an equal weight 
of hot water, there are then cautiously poured in, with stir- 
ring, four parts of strong nitric acid, the mixture being gently 
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heated until the nitrous fumes have been driven ofl;, the liqu: 
is filtered if necessary through fine shavings and allowed 
cool. 

(4) Dissolve ten parts of glue in seven parts of moderate 
strong acetic acid^ to which one part of alcohol has bee 
added, and filter. This forms a very useful cement and wi 
even unite glass. 

(5) In sixteen parts of hot water are dissolved eight par 
of good glue, then one half to one part of hydrochloric ac 
is added, and one and a half parts of sulphate of %inc. T1 
mixture is kept at 70'^ G, for eight hours, then filtered tlu'ou^ 
hue shavings, and allowed to cool. 

(6) Eight parts of molasses, and twenty-four parts of wat( 
into which two parts of slaked lime have been mixed to for 
a thin cream, are heated on the water bath or steam che 
for twenty-four hours ; the lime is allowed to settle, and tin 
the elear. liquor decanted ; in this is dissolved ono-half to thre 
quarters of its weight of glue along with 2 per cent, of i 
weight of glycerine. The mixture is stirred well, and allow* 
to cool. 

Other preparations are in use under different names, b 
their composition, however, varies hut little from tlie abo 
recipes, Nearly all are based on the solubility of gluo in aci 
and their property of remaining liquid in a cooled state, i 
liquid glues should be clear and sparkling. On the other hai 
in the various kinds of cements in which gluo forms a pi 
dominant ingredient, the gelatinising property is loft unii 
paired, the glue being intimately mixed with some earthy 
metallic oxide in order to impart body. SiioJi comor 
set quite hard in a few minutes. Under this category m 
he included the white (Bussian), chrome, steam, and wati 
proof glues, and many of the cements used for binding pi 
poses for leather, china, glass-ware, electrical and chomii 
apparatus, The so-called marine glues of oominorco t 
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mixtures of benzene, petroleum spirit or naphtha with 
indiarubber, shellac, or asphaltnm ; they contain no glue. 

Chrome and white Buasian glues are prepared by adding 
pigments to the concentrated glue liquors before jellying 
In a mixing for chrome glue 3 per cent, of chromic oxide is 
used, and in a white, G per cent, of sulphate of lead or 8 per 
cent, of zino oxide. 

8team and 'Watbrpeoof Glues. 

The former is a liquid gluo, thickened with 10 per cent, 
of its weight of sulphate of lead ; a good composition for the 
latter is a mixture of eight parts of glue, four parts of linseed 
oil, and one part of litharge. 

Compositions of glue and glycerine, or treacle, form an 
elastic mass, which is used for the making of printers’ rollers, 
bookbinders* glue, and in the manufacture of plastic masses 
for children’s toys, etc. 
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PART II. 


MANURES. 

CHAPTER V. 

Soils and Plant Life, 

No bi’anch of industrial inquiry ia of groator importanoo feha 
that -whioh leads to an increase in the production of tho soi 
As the rich soil of a country becomes exhaustod of ii 
most important elements through centuries of oriido agi 
cultural working, so agriculture declines provided tliat meai: 
are not taken to restore by artificial methods the wealth ( 
plant nutriment whioh it formerly possessed, and, as it d 
dines, so an increasing amount of the nation’s money mu 
he spent abroad to supply the necessary food. To a coi 
siderable extent that is the position of this country, as mr 
he seen from the following, 

Thus in 1910 we imported feeding materials of the foIlo^ 
ing value : — 


& 


Wheat , 

. 41,160,881 

Barley 

. 6,896,162 

Oats .... 

1,828,869 

Maize 

. 10,291,310 

Wheatmeal and flour 

6,610,906 

Eioe . 

2,687,198 

Vegetables 

8,666,170 
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During the same period, of animal food we imported 

£ 

Animals 

4,028.672 

Bacon 

. 13,391,274 

Boof . . 

. 11,745,146 

Ilams . . , 

2,526,596 

Mutton 

9, §02, 868 

All othor kinds . 

7,384,402 


Wo being essentially a mannfacturing nation, dependent 
on the weaving of calicoes, building of ships and machiuory, 
smelting of iron, and a thousand and one other industries, have 
noglooted our agricultural interests, therefore we must look to 
the rising generation of fanners to extend their operations so 
as to reduce this enormous importation, of food-stu£Fs. By 
gaining a bettor oheinical and physical knowledge of the soil, 
by studying the functions of plant life and plant food, and 
the judicious application of manures, they may be in a better 
position to do this. 

In this chapter the treatment of soils, their nutritive and 
productive power, and also the nature of plant life and food 
will be considerod. 

Soils. 

Soils are mainly oomposed of silioious matter — ^iine par- 
ticles of rocks disintegrated by the agency of frost and wator. 
This is the basis of most soils, but in addition there may 
be present carbonate, phosphate, and sulphate of lime, oxide 
of iron, potash salts, chloride of sodium, and silica, with 
decayed vegetable matter. ' Meohauioally they may be con- 
siderod as mixtures of sand, clay, calcareous marl and 
vegetable mould, and as one or other of these predominates, 
wo have sandy, clayey, calcareous, or loamy soil. In 100 lb. 
weight of soil, these ingredients may vary as follows :~r 
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Organic matter (mould) 
Olay . 

Baud ... 

Caloareoua raarl 


1 lb. to 70 lb. 

5 lb. to 36 lb. 
20 lb. to 90 lb. 

6 lb. to 20 lb. 


Soils perform a mechanical action in absorbing tb 
moisture and beat from the atmosphere, and at the same tiin 
their porous texture allows the circulation of air to provitl 
the necessary oxygen for the gewninatioii of the seed. Th 
soil is sufficiently open to admit the roots of a plant and y( 
sufficiently coherent to hold it in position ; at' the same tiiui 
owing to its capillarity, it acts the part of a carrier for coi 
veying the mineral nutriment, which is dissolved in tb 
circulating water and thus conveys it to the roots. 

The mineral constituents on which the fertility of a so 
depends are mainly phosphoric acid, potash, nitrogen in tl 
form of ammonia, or nitrates, and, to a lessor extent, Jim 
oxide of manganese and iron, all in a soluble or easi, 
assimilated form. Absence of these indicates a barren ( 
exhausted soil, incapable of fertility without repleniahmen 
To quote the words of a leading American agriciilturis 
“ The farmer raises no crops which does not contain thei 
he sells no animal or vegetable product which does n 
take them from his farm, and he has no soil so rich th 
they, or some of them, need, not be returned to keep i 
its, fertility. Whatever course of cultivation he pursues, 1 
should never lose sight of these elements, and ho shou 
pay no greater heed to the dollars and cents that ho receiv 
and pays out than to the nitrogen, phosphoric acid, ai 
potash which constitute his real available capital, ai 
whose increase or decrease marks the rise and fall of his tr 
wealth.” 


The texture of soils is also an important factor in thi 
productiveness. They should be loose, and yot not lig 
enough to become easily dry, nor should they be so heavy 
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to retain an excessive proportion of the water absorbed 
during rainy weather. 

The capacity of soils for water varies according to their 
character — a sandy soil absorbs only 24 per cent, of its weight 
before, saturation occurs ; a calcareous soil, 28 per cent. ; a 
clayey loam, 47 per cent, ; and a peaty soil 80 per cent. 
Such a soil as the latter Would require efficient drainage to 
be of any agricultural use, 

Germination . — ’Plants develop from a geiun which is 
contained within the seed. The. seed is composed of a husk 
or ciitiolo enclosing the germ, along with a storage of food or 
endosperm to nourish it until it can absorb nutriment by 
means of root and loaf. The reserve food varies according 
to the character of the plant which is in embryo; in cereals, 
etc., it is starch, and in oil seeds, such as mustard, linseed, 
rape, etc., fat is also stored, Potash and phosphoric acid form 
the mineral ingredients. Under ordinary atmospheric con- 
ditions the germ lies dormant, but svirrounded by favourable 
conditions in the soil, the seed swells, oxidation of the starch 
and fatty matter takes place, heat is developed within by the 
oheinioal action, and there results certain combinations by 
means of which the germ is nourished and gro ws, putting 
forth a tiny rootlet and rearing a tender stem through the 
soil, from whicli spring tho first leaves. 

Plant Life. 

Plants are largely composed of water, the organic frame- 
work containing carbon, oxygen, nitrogen, hydrogen, and 
sulphur, together with the mineral ingredients which are 
loft as ash when the plant is burnt. By far the largest 
constituent of growing plants is uncombined water, then 
follow, according to their respective amounts, carbon, oxy- 
gon, hydrogen, nitrogen and sulphur. These elements are 
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united to form the starch, sugar, fat, alkaloids, and albninii) 
oids present in the j^Iants. 

The composition of a growing plant (meadow grass) i 
given as follows :• — 


parts poi' 100. 


Water , , 


, 

71 ’83 


Carbon . 

, 

11’74 


Hydi'ogon 

, ■ 

1-28 

Organic matter - 

Nitrogen 

. 

•13 


Oxygen . 

. 

9-67 


Sulphur . 

. 

•19 

Mineral matter , 

. 

• 

1-86 




100-00 


The carbon is derived by decomposition from the oarboni 
acid contained in the atmosphere ; the oxygen and hydroge: 
are obtained from the water, and form, in conjunctiou wit 
carbon, the starch, sugar, and fat of the x^lant ; the nitrogo: 
is assimilated by the roots from the nitrogenous matte 
supxilied to the soil ; while the sulphur is derived from th 
sulphates contained in the soil. If we eliminate the wate 
we find the plant to be composed of 90 per cent, of matte 
taken from the atmosphere in the form of oarbonio acid an 
moisture, with 10 per cent, of nitrogen andt mineral ingred 
ents abstracted from the' soil. 

It is therefore evident that the atmosphere plays tV 
most important part in the growth of the plant, and this a 
mospheric action is mainly carried on by the agoncy of tl 
leaves. In the structure of a plant we have the stem, leave 
and roots. Through the roots, are absorbed all the minor 
and nitrogenous matters and moisture ; the stem acta as 
carrier and support ; while the loaves form the moat imi>or 
ant organs of the plant. . 

Animals, including man, inhale the oxygen of the atmo 
phere, which ultimately goes to transform the wastir 
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tissuGs of the body into carbonic acid, which is exhaled. If 
no means were provided to break the carbonic acid thus 
formed, into its constituents, carbon and oxygen, the air 
would become surcharged with this gas and animal life would 
cease to exist. Nature, however, provides a remedy. The 
growing plant absorbs the carbonic acid through small open- 
ings in the leaves, termed stomata, and by means of a green 
colouring matter (chlorophyll) decomposes it into oxygen 
which is evolved and carbon which by chemical union with 
oxygen, hydrogen, and nitrogen, forms the carbohydrates 
and albuminoids essential for the growth of the plant. 

The mechanical and chemical actions performed by the 
plant may bo summarised as follows 

(1) Absorption by the roots of the mineral ingredients 

and moisture ; 

(2) JlecompoBition of the atmospheric carbonic acid into 

carbon and oxygon by the chlorophyll of the leaves, 
assimilation of the carbon, and expulsion of the 
oxygon; 

(8) Combination of the carbon with the elements of water 
to form starch ; 

(4) Conversion of the starch into sugar, cellulose, and 
other carbo-hydrates; 

(6) Absorption of nitrogen by the roots, as nitrate, and its 
union with tho carbo-hydrates, to form amines and 
alkaloids, such as glutamine, quinine, brucine, etc,; 

(6) Their further change, by the action of sulx^hur, into 
that most important series of compounds termed 
albuminoids. 



CHAPTER VI. 

Natural Manurrs. 

Manures may be broadly divided into two classes, 

(1) Natural manures. 

, , . (2) Artificial manures. 

Ill the former class may be included all farmyard manureSj 
litter, human excrementitious matter, and other raw animal 
and vegetable products which reach the farmer, and are used, 
because of the varying proportions of ammonia, phosphoric 
acid, and potash which they contain. In the latter olas? 
may be included all the phoaphatio maiiures, whether those 
are used in the natural state as hones, rook phosphates, 
guanos, etc., or whether manufactured as Supe].'phosphatGa 
prepared nitrogenous matters, special mixed manures, oi 
mineral manures ; in addition to those there are other products 
for instanee, gypsum, common salt, kainite, marls, oto., which 
are used for fertilisation. 

' Natural Manures, 

; . The most important of all the natural manures is the 
farmyard manure. It is a mixture of solid and liquid ox- 
er einentitioua matter with straw and other vegotablo remains 
the solid matter containing the waste products from the body 
and undigested food, together with the insoluble mineral in- 
gredients of the food partaken of by the animal, and the 
urine or liquid portion in which the larger proportion of the 
nitrogen exists as urea, easily decomposing to ammonia. li- 
the following table the amounts of water and nitrogen con- 
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tftined in tho various farmyard and other nitrogenous manures 
•are given — . 


Manure, 

Wfitov 

Nitrogen 

Nitrogen 

Caloulatod on tho 


por oont. 

yor eont. 

Diy Subatanoa. 

Solid oow dung 

. 85-9 

0-32 

2-27 

Urine of cows . 

. 83-3 

O'U 

2-63 

Solid horse dung 

. 76-3 

0-56 

2-22 

Horse urine 

791 

2-61 

12-60 

Sheep dung 

. 63-0 

1 ’ll 

3-00 , 

Human exoromonls . 

. 86-0 

0-71 

2-96 

Guano 

. 19-6 

6-00 

614 

Urosli bones 

25-0 

6-31 

7*08 

Horn shavings . 

9-0 

14-39 

* 16-81 

Coal soot 

. 16-6 

1:36 

1-69 

AVood soot 

16-6 

1-15 

1-36 


Dr. Anderson gives the analysis of a mixed farmyard 
manure as follows : — ' 


Water . . . . , 

,72-48 

Organic matter 

13-94 

(Containing nitrogen, 0-38.) 


Potash , . . 

0-32 

Soda . , , . i 

0-16 

lame . , , . . 

0-69 

Magnesia .... 

0-02 

PJiosphorio acid . 

0*31 

Sulphiu’io acid 

012 

Carbonic acid 

0-62 

Porrio oxide and alumina 

0-46 

Sand . . . , 

11-09 


1Q0>QQ 

These analyses show that farmyard manure contains only 
:a small proportion of those fertilising ingredients necessary 
for the growth of plants, and that its use alone on an im- 
poverished soil will noli restore those elements on whioh de- 
pends the successful raising of a crop. 
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For restorative purposes, farmyard iDantire should be use 
in conjunction with “ artificials ” on a poor soil. It differs i 
' action according to its origin. Pig, sheep, and cow dung d( 
compose more slowly than horse dung, and, of the four, co’ 
(lung is the least valuable, owing to the lower proportion ( 
available plant food, , , 

Farmyard manure exercises a mechanical action on tl: 
soil, rendering it light and porous. For crops generally, 
compost with bone dust or guano, or, in some cases, wit 
; wood ashes and lime, acts very beneficially on the soil, yioh 
ing excellent results and an increase in the weight of crop 

The quantities used for different crops vary — 

Mangels require about 20 tons per aox’o. 

Peas and beans „ 18 „ 

"Wheat ,, 12 „ 

Naturally the effect of these quantities arc in' proporti( 
to the composition of the soil. 

Human excrementitious matter is another manure of t' 
same class, but it is rarely collected in a dry state. 

By the adoption of the water-closet system in lar 
towns, vast quantities of liquid and solid matter are produce 
in some towns the solid matter is separated by gravitatic 
the liquid portion being treated with aluraino -ferric or oti 
chemicals, the precipitate formed carrying with it the valual 
phosphoric acid in the form of insoluble phosphates of alumi 
and iron while the potash and ammonia salts remain in so' 
tion. The “sludge” formed is pressed, partly dried, a 
sold for maniirial purposes, but it is of little value. 

It has been urged that the herbage from the use of sn 
a manure is rank and harsh, and that it engenders the apre 
of parasitic diseases, 

The following is an analysis of sewage niannre ;> — , 
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Moisture 

. 10‘95 

Organic matter .... 

. '38*71 

(Containing nitrogen, 3'06.) 


Lime 

. 6*47 

Oxides of iron and alumina . 

. 6*19 

Alkaline salts .... 

. 6*62 

Phosphoric acid . , . , 

. 4-63 

Sand . 

. 26*22 


96*79 


The tops of all root crops, as also marine vogotabie 
products like seaweed, form a very fair manure when 
ploughed into the soil, Time, however, is required for their 
decomposition and the yielding up of their mineral consti- 
tuents. Pr. Griffiths enumerates the value of manures as 
follows : — 

“ (1) They bring up plant food from the subsoil. 

” (2) They increase the nitrogenous constituonts in the 
surface soil. 

(3) As decomposition proceeds, carbonic acid is formed, 

, which produces a disintegrating action upon 
the soil, thus converting some of the insoluble 
•mineral constituents into soluble constituents. 

" (<l) They warm the land, and add to its power of re- 
taining moisture and ammonia. 

“ (6) They promote the fertility of heavy clays by render- 
ing them less sticky or adhesive.'' 




CHAPTER VII. 

Artificial Manures-— Raw anu Other Phosphates. 

Bones. 

Baio Bones . — Raw bones rarely enter the farmyard. Tli 
are unsuitable for spreading on land, and their yield of phc 
phoric acid and nitrogen (existing as insoluble phosphate a; 
gelatinous matter) to' the soil is very slow. In tho origii 
state as received from the marine store dealers, butche: 
and abattoirs, the farmer would pay for a high percenta 
of fat and moisture, which are of no raanurial value ; all t 
phosphates would be in an insoluble form, and he woi 
require a mill driven by steam power to break or crush t 
bones even into half-inch or quart’or-inch size, which woi 
still be large for the ixupose. To reduce to a fine state 
division, and form a friable mass for the drill, is not possib 
for the crushed bones would assume a pasty form owing 
the organic matters and moisture present. Bone dealers 
not, as a rule, sell to farmers, hut treat directly with the f 
glue, and manure manufacturers, and it is tho latter wl 
after extracting the fatty and gelatinous matters, soil to 1 
farmer the residual hones, either as crushed bones, ground 
bone meal, or in tho form of soluble superphosphates. 

Regarding the supply of home bones, it may bo romarl 
that they are not equal to the demand, consoqiiently mai 
facturers are compelled to obtain supplies from South Amori 
Russia, India, and other countries. Poreign bones are 
partially degreased and degelatinised by boiling or steam 
before they are exported. Raw bones of home supply cont 
fat, organic and gelatinous matters, and mineral ingredioi 
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as, fov instance, phosphate of lime, carbonate of lime, and 
a small proportion of alkaline salts. Now the fat, which 
averages 12^- per cent, in raw bones, has no inaiiurial value, 
yet it is worth £20 per ton for glycerine, candle, and soap- 
making; the organio matter, which is valuable only to the 
farmer by reason of the 8]- to 4 per cent, of nitrogen which 
it contains, yields the glue of commerce, with a value of £28 
to £82 per ton. In extracting these products, the bones 
undergo no deterioration, except a reduction in the percent- 
age of nitrogen ; on the other hand, the phosphates are in- 
creased proportionately by the elimination of the fat and 
gelatinous matter, the moisture is reduced to one-half, the 
bones being loft in a fit condition to be crushed to any de- 
sired sij5e, or ground to a fine meal, which can he more easily 
assimilated by the soil. The nitrogen is lowered to 1 or 2 
per cent,, according to the methods of extraction employed. 

The following analyses by the author, show the chemical 
composition of raw bones. The samples may be taken as 
averages of the raw bones coming into the works on two dif- 
ferent occasions 


Moisture 

20*46 

17*67 

Organio matter ^ . 

34*09 

33:84 

Phosphate of lime 

39*21 

42*16 

Carbonate of lime 

4*16 

8*62 

Alkaline salts 

1*14 

1*76 

Sand (silica) 

•94 

1*06 


100*00 

100*00 

Containing nilrogon 

. a -OB 

8-62 


Taking the average, those analyses show that the con- 
stituents of value for manurial purposes are — 

Nitrogen . 8*57 per cent. ^ 

Phosphate of lime 40*68 „ 1 = 49*64 per cent. 

Carbonate of lime 8*84 

Alkaline salts . 1*46 


I) 
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Therefore, if the raw bones could be reduced to a state 
fineness suitable for the farmer, he wouid still be paying f 
60 per cent, of inert material including moisture of no.val 
to the soil, yet which, would be of great commercial impo: 
ance as glue and fat. Bones, as received in the farmyard, o 
half- inch, quarter-inch, or ground into bone meal. They o 
degreased and degelatinised, either by the benzene prooe 
or by boiling in open pans, or steaming under pressure, 
the benzene process is adopted, and a good system of gl 
extraction follows, then the treated bones, from their frial 
and porous nature, form an excellent bone meal for t 
farmer, although low in nitrogen ; but as he buys on the ba 
of the units of nitrogen present, he suffers no monetary 1< 
owing to this low percentage ; on the other hand, the pb 
phates are high, running from 60 to 62 per cent, of triba 
phosphate, which is physically in a better condition to be t 
sorbed by the soil. They have, however, not the same va 
as dissolved boim's, in which the same percentage of phosph: 
is rendered more or leas soluble by treatment with an acid 
The following analyses made by the author show i 
composition of bone meal prepared from bones treated by ' 
benzene process and then degelatinised : — 



(1) 

(2) 

Moisture 

9-26 

8*6<l.. 

Organic matter ^ . 

17*66 

19*68 

Phosphate of lime . 

62*89 

61*22 

Magnesia and carbonate 



of lime , 

8*66 

8*71 

Alkaline salts 

•88 

■69 

Silioious matter 

1*77 

1*88 


100-00 

100*00 


• Oontainiug nitrogen . . . -OTporoont. l-OB por oonfc.. 

Equal to ammonia . , . my „ 1*37 
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TTor raising the nitrogen 1 or 2 per cent, of a good organic 
jiitrogenous material intimately mixed with the bulk in the 
irequired proportions will serve this purpose, without altering 
in the least the nature of the meal. 

Boiled and Steamed Bones , — In bones the boiling or 
-steaming process for the extraction of the fatty and gelatinous 
matters is not so economical as that of the benaeue process ; 
the extraction of fat and glue being leas complete, the propor- 
tion of the latter left in the bones inoreases the nitrogen 1 to 
5 per cent. Against this may bo placed a lower percentage 
■of phosphates, while the meal is not considered equal to that 
.produced from bones treated with benzene. 

The following are two analyses, by the author, of boiled 
n-nd steamed bones 



IJoilotl lionoB. 

Stoametl Rouqb. 

Moisture 

lO'Sl 

1,0*79 

Organic matter ^ 

26*97 

22 ’48 . 

.li’hosphato of lime . 
Magnesia and carbonate 

63T6 

67'17 

of lime 

0‘28 

6*89 

Oxide of iron 

•27 

Trace. 

Alkaline salts 

1'07 

•86 

Band (silioa) . 

2*46 

1’74 


lOO'OO 

~99^ 


^Oontalnlng nllii'ogon , . 1*91 por oont. per eont, 

Equal to ammonia . , 2*81 „ 1'90 „ 

■ Adulteration of bone meal is still practised, but not on 
«uch a large scale as formerly. The author recently tested a 
e ample of material used by a firm for mixing with meal, and 
found it to contain 90 per cent, of sand. 

Bone Ash,— On calcining a raw bone, a white or yellowish 
white product is obtained, retaining the shape of the original, 
hone, This is the bone ash of oorameroe, and is chiefly 
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imported from South America, It has a limited use 
the manufacture of superxAiosphates. Some samples whi 
have come under the author’s noticediave tested as high 
88’43 per cent, of tricalcium phosphate, others again ho 
been poor, containing only 70 per cent. Bone ash does r 
contain any nitrogen. A use for considerable quantities 
hone ash of good Q^uality is found in the manufacture of si 
stitutes for cream of tartar for plain and fancy baking. 1 
bone ash is treated with certain proportions of perfectly 
sulx^huric and jihosphoric acids to give the necessary acid: 
The acidified product is then dried, ground to a fine powd 
and mixed with flour in small proportions. The composit 
is sold under different names, and its strength is based 
the number of c.c.’s of a decinormal alkali required 
neutralise it. 

JBone GharcoaL — Bone charcoal depends for its dooolo: 
ing power partly on absorption of colouring matter as o 
partly on its oxidising action, owing to the large amount 
oxygen which is condensed in its pores. In oourso of ti 
this action gradually weakens, and it is then reburnt, but r 
mately it loses its power. The char in this state is ca' 

“ spent,” and is of no further use to the sugar refiner. Conti 
ing a high percentage of phosphates, it is readily bought by 
manure manufacturer at £2, fis. to £2, 10s. jier ton, and be 
in a finely divided condition it is easily treated with 
phurio acid, forming an excellent high-grade auporphosph 
Samples of Leith, Liverpool and Grreenock spent chars, 
amined by the author, gave respectively — 


72 '21 per cent, tribasio phosphate. 
70-24 „ 

74-00 .. 


The following is an average analysia of spent” oha: 
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Oai’bon (nitrogenous) . . , 20 6S 

Phosi)hat 0 of lime . . . , 70’68 

Carbonate of lime 6’17 

Sulijhftto of lime . . . ' . *26 

Oxide of iron . . . ... ‘76 

Sand (silioa) . , . . ' . 2‘67 

, 99-99 

Mineral Phosphates. 

In the inamifacture of superphosphates large quantities of 
look or mineral phosphates are used in addition to the bone 
phosphates above described. The value of the unit, how- 
ever, is lower than that of a bone phosphate. The presence’ 
also of considerable amounts of the oxides of iron and alumina, 
which cause reversion of the phosphate, and also carbonate 
and fluoride of calcium, lessens their worth. 

Mineral phosphates are never used in their raw state, but' 
are always converted into superphosphates, a proportion of 
their phosphates, being rendered soluble by treatment of the 
material in a finely powdered condition with sulphuric acid. 
They are mined in many parts of the globe, and below is a 
brief description of the most important. 

(1) Ganadian Phosphates. — The Canadian phosphate, 
whon pure, may bo considered as a true apatite, a definite 
combination of phosphate and fluoride of caloium having the 
formula 30a(P0,()a , + Oalfa. 

Canadian apatite is considered one of -the best of mineral 
phosphates for the preparation of superphosphates, owing to 
the hi^h percentage of phosphate of lime it contains. The 
following analyses by ]!)r. Voolcker express the composition 
of apatite : — 
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(1) 

(3) 

(3) 

Moisture, water of oombination, and 




. loss on ignition .... 

•62 

•10 


Phosphoric acid ^ . . . . 

33*81 

41-84 

‘37-1 

Lime ® . . . 

46*14 

84-74 

61*i 

Oxides of iron and alumina, and fluorine 

7-83 

8-03 

6-1 

Silica ...... 

11-90 

•89 

4- 


100-00 

100-00 

100-( 

^ Equivalent to tvibasio phosphate of Hrae . 

73‘15 

90 >68 

82 

“ Excoas of lime over the amount required to 




form tribasio phosphate . . . < 

0-60 

6-00 

0 


The excess of lime is a guide to the economical woi'kii 
of a mineral phosphate : the higher the excess the great' 
the amount of acid necessary to work up the mineral, ar 
thus the more costly is the superphosphate produced. 

Canadian apatite occurs in distinct crystalline masses us 
ally of a pale green colour, but sometimes of a reddish til 
and it is found in the Laurentian rocks of what the geologif 
term the PalBsozoic age. Undoubtedly the heavy freight 
ports in the United Kingdom check to a large extent the u 
of this valuable phosphate. 

(2) Norxoegian A;patUe.—'l^ closely allied to the Oanadii 
deposit, but the tricalcium phosphate is combined with ci 
cium chloride, the mineral being classed as a ohlor-apati 
Kor certain reasons, little is used in this country, but it fori 
a valuable source of phosphate for manure-making, Sampl 
of the mineral show 7G to 80 per cent, of phosphates, wi 
very little of the oxides of iron and alumina. 

(3) Soxith Ga/i'oUna Lcmcl mid Biver Th( 

phosphates, together with a similar class from Florida, t 
largely exported to England, The land phosphates, in t 
form of nodules, are mined round Charlestown. To soi 
extent these are fossiliferous, and they are of a pale yelk 
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01* brown colour, according to the proportion of oxide of iron 
present. The river phosphates are dredged all the year round 
by large “ bucket ” dredgers working on the Savannah, Saluda, 
and other rivers ; on raising they are well washed to free them 
from sand, dried, and exported. The river phosphates are 
very dark in colour, and much harder than the "land " variety. 
From the Proceedings of the Boyal Agricnltnral Society the 
following analyses are taken as representing the average 
composition of these phosphates : — 

Land Phosphates, 



(1) 

(2) 

Water and water of combination . , . , 

7*dO 

2*29 

Phosphoric acid ^ 

26*50 

24-29 

LijTio 

37*20 

38-71 

Oxides of iron, alumina, magnesia, and carbonic 



acid 

16-27 

17-28 

Silica 

12-63 

17-43 


100-00 

100-00 

^ Equivalent to tribaBlo ijlioapliato oi lime 

C7-85 

08*02 

JRiver Phosphates, 




(8) 

(^) 

Water, water of combination, and loss on ignition 

d'07 

1-66 

Phosphoric acid ^ . 

28*41 ■ 

26-89 

Lime ........ 

45-07 

42-28 

Magnesia, oxides of iron and alumina, carbonic 



acid , . .... 

15*16 

18-47 

Silica . , 

7-26 

10-80 


100-00 

100-00 

' Equivalent to trlbaslo pliosyliato o£ lime . 

02'09 

68*70 


On comparing the phosphate of lime in these analyses, 
it will be noticed that the " river " variety has a higher per- 
centage than the " laud phosphate, and consequently is of 
.more value. 
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(4) Namssa Fhosphates . — These are obtained from 
island of Navassa in the Caribbean Sea, and exist in the f( 
of nodnles of a reddish-brown colour. They contain a h 
percentage of phosphate of lime, and are well adapted for 
manufacture of superphosphates. The limited product 
high working charges, freightage, etc., render at pres 
their ' Shipment to this country unremunerative. The C( 
position of these phosphates is seen from the following analj 
of bulk samples : — 



(I) 

(2) 

Water, free and combined . 

12-08 

10-90 

Phosphoric acid ^ 

30-21 

31*08 

Lime 

36-32 

86*64 

Magnesia, carbonic acid, oxide of 



iron, alumina 

19*66 

17*78 

Silica (sand) .... 

2*74 

3*70 


100*00 

100*00 

1 Equivalent to tribaslo phosphate of 



lime . . , , , 

06*04 

07-86 


(6) Sombrero Phosphates , phosphates from 
island of Sombrero, in the group of the Leeward Islandf 
the Caribbean Sea, are practically exhausted. They wer 
high quality, and averaged 70 per cent, of tricalcio phosphf 

(6) j^ruha Phosphates , — Infrequently cargoes are to 
found in the market of this class of mineral phosiDha 
Although rich in phosphates, the presence of considori 
quantities of carbonate of lime, also of oxides of iron 
alumina, detracts from their value, The phosphate of 1 
averages 72 per cent. 

(7) Other West Indian islands produce to a limited exl 
mineral phosphates of varied composition, Maracaibo pi 
phate, from the island of that name, yielding the hig] 
percentage of phosphate of lime (average 78 per Gent.)j v 
low amounts of oxide of iron and alumina. Maracj 
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mineral forms an excellent superphosphate. The small 
islands of Bedonda and Alta Vela, in the West Indian group, 
yield a mineral phosphate in which the lime is replaced by 
alumina and ferric oxide, forming phosphates of alumina and 
iron. Owing to their poorness in lime, and also to the fact 
that alumina and iron are detrimental, these, minerals cannot 
bo employed in the manufacture of superphosphates. , Sam- 
ples of Bedonda and Alta Vela phosphates show respectively 70 
and 50 per cent, of iron and alumina phosphates. Their agri- 
cultural value is considered low, althmxgh a leading authority 
says, from his own-experience, that good crops can be got with 
the use of Bedonda in a hue state of division. > Several countries 
in I'luropo produce large quantities of mineral phosphates, dis- 
tinguished as coprolites, phosphorites, etc. Some of those are 
valuable owing to the high percentage of phosphate, and the 
presence of but moderate quantities of carbonate of lime, iron, 
and alumina. Others again are low in phosphates, heavily im- 
pregnated with iron, and hardly worth the cost of exporting. 

Enulish CoPRonrj.'E8. 

English coprolites are found in Cambridgeshire, Suffolk, 
Norfollc, and Bedfordshire ; the finer qualities being furnished 
by the first- named county, from the Upper Greensand, and 
are of a grey colour. Tliey are largely used, and well suited 
for the manufacture of superphosphates. The following 
analyses represent their composition : — 



(1) , 

(2) 

WabGi.' . . . ' . 

■ . ■ 2*30 1 

3-79 

Water of conibinatiou 

1*60 J 

Phosphoric acid ^ . 

. 26-05 

29-11 

Lime 

■ . d3-68 

16-06 

Oxido of iron and alumina 

. ‘18-70 

19-68 

Silica .... 

7-77 

2-31 


100-00 

100-00 

^ Ecinivalont to tribaslo phoaphato 

of limo fi0*87 

08*02 
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Snffolh GoproUtes.—^viiioWi coprolitos are of a bro 
colour, and somowhat inferior to the Cambridge vari( 
Tbey contain from 48 to 62 per ceiiti of oalciuiii pliospb 
with 14 to 16 per cent, of carbonate of lime. The suj 
phosphate formed when they are used is lower in qua 
than that made from the Gam bridge phosphate. 

^Bedfordshire GojjrolUes.—ThQm ooprolitea may be olas 
with the Suffolk phosphate. They are also of a brown cole 


and contain — 

Moisture and water of oomhination . 8*36 

Phosphoric acid ^ , . . . 33'd7 

Lime ...... 86'29 

Perrio oxide , . . . . 6*39 

Alumina, magnesia, and fluorine . 7 ‘24 

Oarbonio acid . . , . 8*46 

Silica 20 ‘81 

lOO-OO 

^ Equivfilont to tribneio plioBijhato of llmo . 51*24 


French P/iospAonfcs.—The richest mineral deposits 
France are those mined at Loire and Garonno, known in t 
country as French or, Bordeaux phosphates, They havi 
yellowish-brown colour, and are very hard. With sulphu 
acid they are readily dissolved, and form high-grade sup 
phosphates. The following analyses are representative 
their composition — 


Water . . . , , 

•a) 

2-60 

(2) 

-89 

Water of oomhination 

2-62 

2-68 

Phosphorio acid ^ 

. 84-46 

81-60 

Lime . . . . 

. 46-11 

41-12 

Oxide of iron . , , 

Alumina and oarbonio aoid . 

‘j 10-77 

18-78 

Silica . . . ■ . 

3-44 

10-18 

100-00 

^ Equivalent to td basic phoaphato'of llmo 76*26 

100-00 

68-70 
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Aroiincl Bologne there exist phosphatic deposits, iu ap- 
pearance and chemical composition similar to the inferior 
qualities of onr own coprolites. They have but a limited use iu 
this country for the manufacture of low-grade superphosphates. 
The calcium phosphate they contain averages about 43 i)er cent, 

Belgian Phosphates ,- — These deposits exist in a fine pow- 
dery condition, and after washing and drying are brought 
up to a strength of about 46 to 47 per cent, of phosphate. 
They are not used alone, but in conjunction with high-grade 
phosphates. The addition of these increases the porosity 
and dryness of the superphosphate. 

German Phosphates .- — The best known and probably the 
moat extensive deposits of Gorman phosphates are found 
near the river Lahn below "Weelbaoh, to which the name of 
Nassau is given. 

Some samples, representing limited quantities, test as 
high as 76 per cent, of phosphate, but the bulk is of low 
quality, being found mixed with varying proportions of clay, 
limestone, ironstone, phosjphate of alumina, etc. The impor- 
tations to this country are not now of any imiDortance. The 
phosphate averages about 60 per cent. 

Spanish PhosphorUes,-~^Sigm\ supplies a large quantity 
of rich phosphates, mined in the province of Estramadura. 
They are of a light yellow colour, with a crystalline structure, 
and belong to the class of fluor-apatites. The following table 
shows their composition - 

From Oaooros, From Montanohbz, 


Water 

•21 

•16 

Phosphoric acid ^ . 

38‘86 

89-09 

Lime , . . . 

61'66 

61-77 

I'^luorino, carbonic acid, and a 



little oxide of iron 

2*41 

8-07 

Silica (quartz rode) , 

6*88 

6-91 


100-00 

100-00 

Equivalent to tribasio phoaphato o! lime 

84-82 

86*88 
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Thomas Slag . — In the inaniifactiu’o of “haBia” steel, 
residual slag or cinder known as Thomas slag is produce 
containing on an average about 15 per cent, of phosphoi 
acid, with 20 to 22 per cent, of iron as ferrous and fori 
.oxides. It has been found that a large proportion of t' 
phosphoric acid (existing as phospliato of iron) in this 
readily soluble in weak acid solutions, and thus capable 
being made available for agricultural purposes. Accord! i 
to Dr. I Wagner, the cinder is well adapted for moss and pea 
meadow soils when ploughed well in ; and the saino authori 
advocates its use as a manure for oats, wheat, barley, ai 
flax, in the proportion of about 3 cwt. per aero. 

For the successful use of the ‘'Tlromas cinder,” it mu 
be ground to an impalpable powder to enable the phosphor 
acid to be rendered soluble and thus capable of being iibsorlx 
by the roots. 

Notwithstanding the excellent virtues attributed to ii 
use by German agricultural authorities, the oonsiiin])ti()n i 
this country (which produces over 100,000 tons of tins slti 
per annum) is not great, farmers gonorally taking an in 
favourable view of its fertilising value, Homo remarking tin 
its action is harsh, and that after a time tlie soil hoconn 
” burnt”. 

Guanos. 

GiiURos.— The guanos of commerco may bo divided into- 

(1) Guanos proper ; 

(2) Guano phosphates. 

Guanos proper are the rich excrementitious matter < 
sea-biids which inhabit the Peruvian coast and ocean: 
islands. They have undergone some little decomposition h 
the action of tropical rains, and consist of uric acid, urate ( 
ammonia, with varying proportions of phosphate of lime an 
annnonia, sulphates and chlorides of potash, and soda, an 
silicious matter ; the nitrogenous portion amounting to twe 
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thirds, and the mineral matter one- third of the whole, — the 
nitrogen equivalent being from 17 to 19 per cent. All guanos 
at an early period have been very rich in nitrogen, but 
through the action of rain and' other atmospheric influences 
they have undergone more or less change, the water con- 
verting the urates into volatile carbonate of ammonia and 
■other soluble ammonium salts. When the atmospheric 
action is prolonged, nearly, if not the whole, of these ammonia 
■compounds are removed by solution, the deposits becoming 
mainly phosphates with 1 to 2 per cent, of nitrogen, and are 
knowji as guano-phosphates. Guanos are complete manures 
in themselves, containing all the necessary fertilising ingredi- 
ents in the form of soluble ammonia salts, phosphoric acid, 
and i)otash. They can be used with success on either heavy 
■or light soils of a clayey or sandy nature, forming an excellent 
material for use on nearly all crops. 

Guanos are now sold on the basis of the units of nitrogen 
they contain, and thus the farmer is protected from adultera- 
tion, which was formerly practised to a vei'y large extent. 
If he buys on a basis of 17 to 18 per cent, of nitrogen or as 
low as ;l. to 2 per cent., he pays accordingly. It is to his 
interest, however, that the certificate of analysis should 
guarantee the sample to represent a true average of the bullc, 
and not one selected because of its richness. 

As is well known, guanos, especially when moist, omit a 
strong, pungent, ammoniacal odour, due to volatilisation of 
■carbonate of ammonia, and on standing for any length of 
time this loss becomes serious. To fix this ammonia and at 
the same time to bring the guanos into a dry and friable 
condition, easily worked with the drill, many manure manu- 
facturers now treat them with strong sulphuric acid in the 
mixing trough of the manure shed, the acid fixing all the 
ammoniacal compounds as soluble sulphate of ammonia, also 
rendering the phosphates they contain largely soluble, and 
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producing a powdery guano liable to no further change 
exposure. In such a form the guanos form a quick-acti 
manure, containing 20 to 23 per cent, of soluble phosphat( 
with about 9 per cent, of ammonia. During this mixing, t 
nitrogen can be increased by the addition of dried blood or si 
phate of ammonia, whichever may be considered most suitab 
The following is a description of the leading guanos a: 
guano-phosphates that have been, or are at the present tin 
used for agricultural purposes - 

(1) Angamos Island Qnano , — From the island of Angaint 
off the Peruvian coast, a rich, dry excrement is imported in 
this country. It is of a light yellow colour, and contains 
to 21 per cent, of nitrogen, with 12 to 18 per cent, of idIk 
phates, part of these being soluble. The following aiialyg 
represent its composition : — 


Moisture 

(1) 

7-24 

(2) 

8*76 

Organic matter and salts of ammonia^ 

69-01 

69*96 

Phosphates of lime and magnesia • 

.1206 

12*07 

Alkaline salts . . , 

9*02 

8*27 

Silica 

2*67 

•94 

1 Containing nitrogen , , . . 

100*00 

21*16 

100*00 

10*80 


(2) From the Peruvian islands of Chencha, Guanape, a: 
Dallestas, considerable quantities of a fairly rich Peruvii 
guano have been exported at different times, They contained 


Water 

Ohonoha 

lelancls, 

13*67 

Gnanapo 

Island. 

17-79 

Baltosti 

Islande 

19*19 

Organic matter and ammonia salts ^ 

62*05 

42*62 

48*19 

Oalcium and earthy phosphates 

22*78 

26*46 

20*69 

Alkaline salts ..... 

9*67 

11*92 

9*40 

Sand . . . , , . 

1*88 

2*22 , 

2*68 


100-00 

100*00 

100*00 

^ Containing nitrogen . , . , 

18-01 

10*04 

18-8C 
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(3) Pdhillon de Piod Guctno , — This group of Poruviau 
islands exports a rich guano, very dry, and of a reddish-yellow 
colour, A sample, on analysis by the author, gave — 


Moisture 

• * ♦ 1 

2*36 

Organic matter and salts of ammonia, ^ 


by ignition 

( • « « 

63*76 

Phosphoric acid 

« * » ( 

9-09 

Lime 

• III 

10*14 

Magnesia 

« « » 1 

2*66 

Perrio oxide . 

« » • « 

Trace 

Alkalinesalts . 


7*88 

Silica , 

• 1 1 • 

4*64 



100*00 

^ Containing nitrogen 

• • • 

17-08 


(4) IchahoG Guano , — Prom the lohaboo Islands, on the 
south-west coast of Africa, we import a moderate quantity of 
a rich guano. A sample, on analysis by the author, showed 
the following composition • 

Moisture . • . . , . .12*28 

Organic matter and salts of ammonia,^ 


by ignition . . . . ,61*26 

Phospliorio aoid 12*09 

Lime . 12*26 

Magnesia , , , . . .1*06 

Alkaline salts . . . 4*88 

Silica 6*24 


100*00 

* Oonlaining iiltvogon . . . . 14*22 


^ Quano-Pho8;phates . — The guano-phosphates are distri- 
buted over a wide area, being found in Bolivia, Peru, and as far 
south as the T’alkland Islands and Patagonia ; they exist also 
in considorable quantities in some of the West Indian islands, 
the Gulf of California, and South Africa. They contain from 
1 to 2 per cent, of nitrogen, with varying proportions of 
phosphates. The guano -phosphates have a reddish-yellow 
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colour, and are generally found in a powdery condition, i 
before mentioned, these phosphates were originally rich guai 
deposits, which at different periods have been subjected 
heavy rainfall, resulting in the decomposition of the nitrogono' 
matter and the washing out of the larger portion of the sollik 
ammonia salts thus formed, 

They are mainly used for the manufacture of “ disaolv< 
guano,” the nitrogen' being increased by the addition of drit 
blood or sulphate of ammouici, they are also used for tl 
manufacture of superphosphates for special manures. 

G-uano-phosphate?, owing to deficiency in nitrogen, ha’ 
a lower value than the guanos proper. 

The following constitute the chief guano-phosphates th 
are used for manufacturing purposes : — 

(1) Megillones Guaiio- Phosphate , — This guauo-phoapha 
is found on the high tableland near the Bolivian coast, 
has a bright red colour and occurs in the form of a powde 
The nitrogen is low and the x^hosphates are in jmrt soluble. 

Dr. Voelcker gives the composition of two cargo aampL 
as follows : — 


■ 

' (1) 

(2) 

Moisture . • , • . . 

8*76 

7’4fi 

Organic matter and salts of 
ammonia ^ . . • . 

6*<19* 

7’84 

Phosphoric acid * , 

M’4.0 

30*72 

Lime . ■ . • . 

87*60 

36*81 

Perrio oxide . . , 

•04 

•38 

Magnesia . , 

2*88\ 

8*66 

Alkaline salts . . 

6*76 [ 

Carbonic acid . 

•46 

•7C 

Sulphuric acid . 

1*68 

6*76 

Silica 

1*49 

1*28 


100*00 

100*00 

1 Containing nitrogen . 

•08 

*80 

Equivalent to ammonia . 

1*19 

1*08 

8 Equivalent to tribasio phosphate 



of lime . . . ,76*09 

07*06 
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Owing to the high percentago of phosphates, and to the 
fact that pai’t are in the soluble’ form, also clue to its dry and 
powdery condition, this phosphate forms a good manure when, 
used either alone or dissolved by means of acid. 3?or some 
crops it is considered equal to Chili saltpetre. 

(2) Guracoa Guano-Phosphate , — The phosphate from 
Curaooa Island, South America, is an example of a guano 
from which the whole of the ammoniacal material has been 
removed by the prolonged action of water. It is composed 
of phosphate and carbonate of lime mixed with alkaline 
sulphates and 'silicates, and from its high percentage o? 
phosphoric acid is found very suitable for the manufacture of 
superphosphates, 

In a sample the author found — 


Moisture . . 

. 9-33 

Organic matter 

. 1*28 

Phosphoric acid .... 

. 34*83 

Lime . . . . . 

. 42*21 

Oarbonio acid .... 

. 3*05 

Magnesia 

*69 

Potassium land-sodium sulphates 

. 8*26 

Sodium oblorido .... 

. 1*67 

Silioa . . . ... 

*89 


100*00 

(3) Falldand Islmicls Guano-Phosphates , ITalkland 
Islands supply a phosphate containing a fair proportion of 
ammonium salts. Unfortunately these guanos are heavily 
charged with water, and have a strong pungent smell owing 
to the volatile ammonium carbonate which is evolved. Such 
phosphates are host treated with sulj>huric acid, to fix 
the ammonia and render them dry and friable for use with 
the drill. 

The following analyses by Ur. Voelckor represent their 
composition : — ■ 
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(1) 

(2) 

Moisture .... 

33‘43 

36*86 

Organic matter and salts of 



, ammonia ^ . 

21-42 

26-07 

Phosphates of lime and mag- 
nesia .... 

32-04 

22-01 

Oarl^onate of lime 

2-62 

6*64 

Alkaline salts 

6-22 

7*34 

Silica 

4-87 

3-08 


100-00 

100-00 

1 Coutaiaiug uitrogeu 

4-01 

4-42 

Equivalent to ammonia . . 

5 '23 

fi-BG 


(4) Baza IsloAvd Gioano-Phosyhate . — From the G-ulf 
'California is obtained a j)hosphatic gnano of high strengl 
containing to 1 per cent, of nitrogen. Tho deposit is ve 
dry and powdery, and has a reddish-yellow coloiu’. It is 
valuable addition to the manure shed for superphosphc 
making. The following cargo samples illustrate its value 1 



(1) 

(2) 

Water . . . . 

4-83 

1*30 

Organic matter ^ and com- 
bined water . 

12-72 

9-80 

Phosphoric acid ^ 

34-83 

40*81 

Lime 

87-86 

87*21 

Magnesia .... 

l-76i 


Ferric oxide . 

'60 


Alumina , . . . 

•81 

K 7*18 

Oarbonic aoid , . 

*46 


Alkaline salts 

6-64, 


Silioai. .... 

1-69 

4*20 


100-00 

100*00 

Containing nitrogen , . 

1-04 

•37 

Equivalent to ammonia . 

1*20 

*46 

Equivalent to tribaeio phosphate 
of llmo .... 

74-04 

88-01 
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(5) Baker Inland Guano^Phosiyhate . — This deposit is re- 
latively rich ill phosphate of lime, but contains little or no 
• nitrogen. Like other guano -phosphates, it is well suited for 
treatment with sulphuric acid, being dry and in a fine state 


of division.. Its composition is 

seen from 

the following 

•analyses : — 

(1) 

(2) 

Water .... 

. 12-00 

4-71 

Orgauio matter ^ 

. 6-26 

6-17 

, Phosphoric acid ^ . 

. 82-32 

39-44 

Lime .... 

^ 42-34 

48-01 

Magnesia 

. 0-76 

2-32 

Perrib oxide . 

. 0-14 1 


Alumina , . , 

. 0-09 i 

0-96 

Sulphiu-io aoid . 

. 1-19 J 


Oarbonio aoid 

. 2-99 

0-27 

Alkalios .... 

. 1-78 

2-33 

Silioa .... 

. 0-14 

0-79 


100-00 100-00 


> Ooiitftining nlti'ogoii . 


O-Sd 

Etiuivalonfc to ammonia i , 

* 4 . 

0-dl 

5 Equlvalont to trlbasio phosphate 



ol llmo , . . , . 

70*fi6 

80-11 


(0) Other supplies are obtained from Patagonia, Sydney 
Island, Jarvis Island, Aves Island, and from Australia. These 
■consist principally of phosphate of lime with varying propor- 
tions ('25 to ’5) of nitrogen, and their value depends partly 
on condition and partly on the percentage of phosiihate they 
contain. Like the other guano-pliosxihates already described, 
they are chiefly used for dissolving purposes. 


CHAPTEB Vm. 

Mineral Manures, Superphosphates, etc. 

Sodium Chloride (Common Salt). 

Common salt, or that quality doBcrihed as agricultural s 
is now used in considerable quantities tor nianurial pnrpoi 
Chemically, it is a combination of the metal sodium m 
chlorine gas, the resulting compound being termed sodi 
chloride (NaCl). 

Geographically, it is distributed in deposits over a w 
area, being found in practically inexhaustible quantities in 
districts of Nantwich and Northwich in Cliesliire, and Dr 
wich in Worcestershire ; in the State of Michigan and ot 
places on the American continent ; in Russia, Germany, A 
tria, and Persia. It also exists in large amount in sea wa 
In England, salt is not mined, in the ordinary sense 
the term, but is dissolved as brine, a saturated solution 
the salt, which is pumped at considerable depths in 
earth's crust, from deposits belonging to what is known 
geologists as the Triassic period. The brine is evaporated 
pans to form the different kinds of salt found in commor 
the finest quality of which is the domestic table salt, 

The following table of analyses, made by G. E, Coo 
gives an idea of the composition of various samples taken fr 
■ — 1, Northwich (Cheshire) ; 2, DrQUze (Lorraine) ; S/Dn 
wich (Worcestershire) ; 4, Go derich (Ontario) ; 6, Sagin 
(Michigan, U.S.A.) j 6, Nantwich (Cheshire). 

(96) 
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(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Sodium chloride 

96*36 

97-59 

96-93 

97-03 

92-97 

90-23 

Calcium chloride 

•01 

1 » 1 

• <« 

•01 

1-09 

»•« 

Magnesium chloride 

•02 

... 

•02 

•03 

•60 

••• 

Oaloiuifi sulphate . 
Carbonates of lime 

1'17 

1*02 

3-06 

1-43 

'33 

1-68 

and magnesia 

... 

... 

... 

... 

* 4 • 

•76 

Oxide of iron 
Sulphates of sodium 

... 

... 

... 

... 

... 

•87 

and magnesia 

... 

•80 

... 

... 

... 

..r 

Insoluble matter 

f 

1 » t 

• «i 


•01 

... 

Water . 

2-24 

•60 

... 

1-60 

6-10 

6-38 


99*80 

99-91 

100-00 

100-00 100-00 

99-91 


Agricultural salt contains from 90 to 98 per cent, of sodium 
ohloriclo, is rather moist, and contains a small proportion of 
iron. 

Although formerly disputed, it is now generally recognised 
by agriculturists that salt is beno/icial to the soil when applied 
in moderate quantities, either alone or in conjunction with 
sodium nitrate. Not only as a plant food is it valuable, but 
ilii action on the laud is considerable, keeping it cool and 
moist, and destroying all soil vermin. 

Johnstone, in his work on AgnGtiXkiral GhGinistry (1852), 
says salt “ destroys small weeds, improves tho quality of 
pastures, rendering them more palatable; strengthens and 
brightens tho straw, and makes the grain heavier per bushel, 
both of wheat and oats. It has also been observed to pro- 
duce specially good effects on mangel-wurzels,'’ Later, 
Liebig speaks a word in its favour. Ho says j "We have 
every reason to believe that where the crops are increased by 
manuring with common salt alone, or when the favourable 
influence of salts of ammonia or nitrate of soda is augmented 
by the addition of common salt, the operation of the three 
salts essentially depends upon their power of diffusing the 

7 


